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Factors s uch  as economy ,  awa reness of env i ro nmenta l prob l ems , 
a nd the  n eed for conserva t i on  o f  energy fue l� have  i ncreas ed the rate 
of emu l s i o n  us e i n  recent yea rs . Thes e fact ors have a l so s h i fted the 
effo rts to repl ace cutback  as pha 1 ts w i th emu 1 s i f i. ed aspha 1 ts i n  a 
major i ty o f  pav i ng a ppl i cat i on s ,  es pec i a l l y  i n  pav i ng mi -xtures . 
Th i s  s tudy reports the f i nd i ng s  o f  a l a bo ra to ry i nves t i ga t i on 
tha t eva l uated the effect o f  a s pha l t emu l s i on content , percent of  
mi nera l  f i l l er ,  a nd cur i ng t ime on  the · des i gn pa rameters a nd proper-
t i es o f  emu l s i f i ed as phal- t- aggregate · co l d mi xes u s ed i· n l ow- vo l ume 
road by ut i  1 i z i ng Mars ha 1 l equ i pment . One aggregate ty pe  · ( quartz i te )  
a nd o ne type o f  a spha lt emu l s i on ( CSS- 1 )  were u s ed .  S i xty s pec i mens 
were prepared a nd tes ted i n  accordance wi th  the prot edure devel oped by 
the As pha l t I n st i tute ut.i l i z i ng the Ma rs ha l l m i x-d es i gn method ,  _.a l o ng 
. . 
' . 
w i th m i nor mod i fi cat i ons  creat ed · f or th i s  pa- rt i cu l a r  s tudy . The var i -
at i on  o f  m i n era l f i l l er i n  the  mi x and cur i ng t i me were cons i dered a nd 
a na l yzed rather tha n  determi .nat i on  o f  a n  o·pt i ma· l res i dua l a sp ha l t 
co ntent fo r a job  mi x .  
Comparat i v e  s tud i es were condu cted u s i ng s tat i st i ca l  a na l ys i s ,  
a nd pred i ct i o n  model s  were cons tructed to pred i ct co l d  mi x propert i es 
u t i l_ i z i ng the  da ta obta i ned from the l abora tory . ·Th ese  model s revea l ­
ed tha t mix pro pert i es cannot be  ev a l uated i n  rel a t i on  to a s i ngl e 
· fa cto r ,  a nd the i nteract i o n  o f  thes e facto rs m u s t  b e  con s i dered i n  the 
v i  
eval ua t ion  a s  demons tra ted by var i ous model s . . However , a ba s i c  f i nd­
i ng of th i s  s tudy wa s tha t curi ng t ime ha s t he g rea tes t effect on co l d 
mi xes a nd i ncrea s i ng i t  tends to enha nce  the i r pro perti es a great 
dea l . 
• 
v i i 
CHAPTER 1 
I NTRODUCT ION 
1 
The Aspha l t I n st i tute ha s adopted · a method for emu l s i fi ed 
a s pha l t-a ggregate mi x des i gn .  Th i s  method i s  reproduced wi th mi no r 
c hang�s  from the 1 1 I n teri m  Gu i de to Fu l l -Depth  As pha l t  Pav i ng U s i ng 
Va r ious  As pha l t Mi xes 11 ,  PCD- 1 ,  The As pha l t I n s t i tute ,  Ja nua ry 1976 . 
Yet , the r�ars ha l l Method fo r Emu l s i fi ed As pha l t- Agg rega te Co l d  M ix . 
Des i gn i s  wi del y u s ed i n  the Mi dwest reg i on of  th e Un i ted . States and 
i s  ba s ed o n  research co nducted a t  the U n i vers i ty of I l l i no i s u s i ng a 
mod i fi e.d  Mars ha l l method of  mi x des i gn a nd a mo i s ture du ra·b i l i ty tes t; 
the proced u res co nta i n  mod.i f i ca t i ons  sugges ted by NCHRP Report 259 , 
11 Des i gn of  Emu l s i fi ed As pha l t  Pav i ng M i xtures .. . 
Un l i ke hot a spha l t mi xes , emu l s i f i ed a s phalt.:..aggrega te mixes · 
a re prepared a t  amb i ent tempera tures . Fo r th i s  rea son t�e pro�edure 
fo l l owed d i ffers i n  pa rt from tha t of  a · ho t mi x .  Mo reover , the 
procedures fo l l owed for co l d  m i xes d i ffer a nd v� ry from o ne method to 
ano ther . As a matter of fac t� there i s  no foo l proo f methodol ogy fo r 
col d mix des i gn .  Tha t mi ght  be b.lamed o n  l ac k  o f  res·earch a nd fu l l  
unders ta nd i ng o f  the beha v i or of  co ld m i xes , bes i des the vari ety of 
facto rs that affect co l d m i xes a nd contr i bu te a great deal  to the 
s el ect i o n  of  the types of emu l s i ons  a nd aggrega te's tha t bes t f i t the 
job .  For the  fo· rego i ng reason s ,  a nd for the  sa ke  of new res ea rch , the 
proc_edure  fo l l owed throughout th i s  s tudy i s  somewhat d i fferent f rom 
2 
any s i ng l e method ment ioned ea rl i er ,  but  i s  great ly  based o n  the 
procedures of both m ethods . 
I t  s ho u l d  be po i nted out  tha t  s ome o f  the  s im i l ar i t i es a nd 
d i fferences o f  the two methods a re a s  s hown b el ow : 
The Aspha l t  I n s t i tute Method 
1 .  Sel ect ion  of the a pprox ima te emu l s i f i ed a s pha l t 
content i s  exc l u s i vel y dependent o n  t he ·centri fuge 
Kero s ene Equ i va l ent ( C . K . E . )  method . 
2 .  Determi na t i o n  of premi x i ng water added i s  done  by 
the v i s u�l  o bs ervat i on o f  coat i ng ,  wor ka b i l i ty of ·mi x ,  
a nd ru noff a na lys i s� 
3 .  The o pt i mum ·wa ter co ntent a t  compa�ti on  i s  deter­
mi ned by a wa ter content versus  dry dens i ty ·a na ly s i s  
a nd i s  a l so rel ated to spe,c i men fabr i ca t i o n . 
4. Sta b i1 i ty test i ng ut i l izes a Res i s1;:a nce- R val ue 
tes t ,  Stab i l ometer-S  va l ue tes t ,  a nd .a Co hes i ometer 
tes t . 
5 .  · The cur i ng t ime of  s pec i mens  mu s t  be  d etermi ned by 
a Res i l i ent  Modu l us ( MR )  tes t wh i ch i s  performed on 
s pec i mens  tha t have been cured for 3 days i n  a i r  at 
room temperature a nd vacuum des i ccated for 4 to 5 days 
a .t 1 o to 2 0 mm of Hg . 
6 .  A kneed i ng compactor ,  fo l l owed by a doub l e p l u nger 
s ta t i c  l oad  a t  40 , 000 l b  ( 178 KN ) ,  i s  u t i l i zed for 
compacti on . 
The Mars ha 11 M i x  Des ign Method 
1 .  The a pprox i ma te amount. of emu l s i f i ed a spha l t for 
tr i a l mi xes i s  determi ned by e i ther t he C . K .E . method 
or the formu l a  presented l ater i n  paragra ph  _( 3 . 1 )  of  
t h i s s tudy . 
2 .  Determ i nati o n  of  premi x i ng wa ter added i s  done  
on ly  by a v i sual  oBs ervati on  o f  the a ggregate coat i ng .  
3 .  The o pt i mum wa ter content a t  compacti o n  i s  s el ect­
ed through  an ·a nal ys i s  o f  wa ter content  v ersus  dry 
r4a rs ha l l s tab i l i ty .  
4 .  Stab i l i ty tes t i ng . u ti l i z es a . rv1a rs hal l tes _ti ng 
mac h i ne .  
5 .  The cur i ng t ime o f  s pec i mens i s  recommended to be 
1 day i n  the mo l d at room temperature a nd 1· day ou t of 
the· mo l d  i n  an  oven at _ 1 00° F . ( 38
° C ) . 
6 .  A compact i on  pedesta 1 cons i st i ng o f  a n  8 x 8 x 18 
i n .  wooden pos t  capped wi th  a 12 x 12 x 1 i n .  s teel  
p l a te i s  u s ed fo r compact i ng t he s pec imens· . 
3 
�The method fo l l owed thro ughout  th i s  s tudy i nvo l ves n ew ways of  
perfo rmi ng  the . tes t on  col d mi xe s ,  such  a s  the- way of determi n i ng the 
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bu l k s pec i f i c g rav i ty of  the compacted m i x ,  para gra ph  ( 3 . 3 . 3 ) . The 
a pproach  fo l l owed i ntended to y i el d  more accura te a nd dependabl e 
resu l t s . 
1 . 1 Descr i pt i o n  o f  Emu l s i on  M i xtu res 
T he  rate of emu l s i on  u s.e ha s a ccel era ted cons i derabl y i n  
recent yea rs ( 9 ) .  ·Th e  cons i derat i on o f  road bu .i l d i ng cos ts , the 
grea ter awarenes s of the en vi ronmenta 1 prob  1 ems , · a nd the need for 
co nservat i o n  o f  energy ·fuel s greatl y  i nf l u enced t h i s new _growth . 
Becau s e  of these fac to rs , the current trends a re to rep l ace cutback  
a s pha l ts wi t h  emu l s if i ed a spha l ts  i n  a major i ty of pav i ng 
a pp l i ca t i o ns . For the forego i ng reasons , the  u s e. o( emu l s i f i ed 
a spha l t pav i ng mi xtures empl oy i ng dens e- g ra�ed mi neral aggrega tes , 
a l so  i nc reas ed i n  recent years . Such m i xtures a re u sed for many types 
of pav ements rang i ng from surface courses  of  l ow-vol ume rura l  roads to 
ba s e  courses of  � i gh vol time_ h i g hways . 
Des i gn of  emu l s i on pav i ng m i xtures :presents a s i gn i f i ca nt 
cha l l enge  for the des i gner , b ecau se  such  m ixes a re far more compl ex 
than ei ther hot mi xes or  pav i ng m i xtures w i t h  cutba c k  a spha l t .  
Emu l s i on mi xtures a re three-component sys tems  conta i n i ng mi nera l 
aggregate ,  a s pha l t ,  a nd wa ter . Aspha l t concrete or  cutbac k  m i xtures , 
o n  .the o ther hand , conta i n  aggregate and o rgan ic b i nder , a two-com­
ponent, sys tem� Wa ter i n  emu l s i on m i xtu res may come from three 
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s ources : wa ter a bsorbed by the mi  nera 1 aggregate , water added to the 
aggrega te pr i o r  to the  add i t i o n  of emu l s i on ,  and water i ncorporated 
w i th the emu l s i o n . The water i ncorpora ted w i th  t he e�u l s io n  conta i ns 
soa p o r  cat i on i c  su rface acti ve agents that dec rea s e  s urface tens i on 
and i mprove  the wett i ng  cha racter i s t i c s  o f  a l l wa ter conta i ned i n  the 
mi x .  I t  a 1 s o  a 11 ows mi croscop i c . _a s  ph a 1 t dro p  1 ets to rna i nta i n  s u s  pen­
s i on i n  wa ter . 
The d i s tr i bu t i o n  o f  the res i dual  a s phal t i n · the  pav i ng m i xture 
depend s to a cons i derab l e extent on the type  o f  emu l s i on .  W i th sol ­
ventl ess  s l ow- setti ng emu l s i o n , regardi es s of  whether i t  i s  ca ti on i c  
o r  a n i on i c , i t  may b e  exp-ec ted tha t a s pha l t wou l d  b e  d i.s tr i buted i n  
gl obu l es ra ther than  the cont i nuou s wa terproof i ng  a s pha. l t fi l ms .  Such 
gl o bu l es ,  ·i n i t i a l l y  a ttached to fi ner aggrega�e parti cl es dur i ng the 
mi x i ng proces s ,  a re d i s tr i bu ted throughout the  ma:s s  of the mi xture . · 
They p l ug  u p  the ca p i _ l l a ry o pen} _ ngs and vo i ds b etween 
_
l arge pa rt{c l es , 
and thereby wa terproof  the mi-x .  
1 . 1 . 1  Dens e Graded M i xes 
The sett i ng or brea k i ng of  emu l s i ons  i s  defi ned as the s epa­
ra t i on  o f  a s pha l t  and wa ter , · and can
· 
be obs erved i n  the f i el d by a 
marked co l or c hange  from brown to b l ac k  ( 13 ) . The rel ea s e  of  s tra i ght 
water can o ften be obs erved . W i th a n i on i c emu l s ions , i t  i s  be l i eved ,  
th i s o�curs on l y  by the evaporat i o n  o f  wa ter . W i th ca ti on i cs ,  evapo r­
at i on s peed s up  brea k i ng ,  but  e l ectrochem i ca l a c ti on a l so occurs 
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becau s e  o f  s urface  cha rges o r  attrac t i on o f  the pos i t i vel y cha rged 
a s pha l t parti c l e to the negat i ve l y  c ha rged aggrega te s u rfaces , resu l t­
i ng i n  the depo s i t i o n  of a spha l t on  the aggrega te . 
M i x temperature i s  dependent o n  a i r  temperatu re ,  s i nce no h eat 
i s  u s ed i n  mi x i ng .  Temperature a ffects  the  brea ki ng  t ime ,  for i t  
a ffects bot h  evaporat ion  and the s peed o f  the  el ectrochemi ca l  
react ion . Evapo ra ti on  a l so depends on  humi d i ty and  wi nd ve l oc i ty .  
I t  i s · recommended tha t  compact i o n  s hou l d s tart when tota l 
fl u i d  content i s  o pt ima l , a s  det enn i ned by compact ion  tes ts .  No 
menti o n  i s  made o f  the d egree of brea k i ng o f  the  emu l s i on requ i red . 
Fo rtunatel y ,  break i ng  and- optimum mo i s tu re occur  a t  a bout  the same 
ti me ,  a nd i t  i s  s uggested · tha t break i ng i s  the bes t  s i ngle  gu i de or· 
c l u e  to when to s tart  compacti on ( 13 ) .-
0ne of the  advantages o ften c i ted for u s ing . emu 1 s i on i nstead 
of cutbac ks i s  i ts to l erance o f _ wet a gg rega tes . Howev�r ,  once  the 
emu l s i o n  i s  m i xed the requ i rement . fo r cur ing be�o re compact i on  i s  the 
s ame fo r both· , a nd the t irne facto rs are a l so stmi l ar .  
1.2 M i x- Des i gn Requ i rements 
A rev i ew of the l i terature {nd i ca tes tha t mos t  agenci es a nd 
l a bora tor i es u s e  co nventi onal  hot-m ixed des i gn procedures wi th mi no r  
mod i f i cat i o n s . The Hveem method i s  u s ed by mos t · h i ghway departments 
i n  the  Western· . U n i ted States , whereas the Mars ha l l method i s  more 
pti p� l a r  i n  the rema i n i ng s tates , i n  federal agenc i es ,  a nd i n  forei gn 
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countr i es ( 13 ) . The Marsha l l method i s  a pp l i ca b l e to coarse m ixture 
for l ow tra ff i c vo l ume pavements conta i n i ng emu l s i on and mi neral 
aggrega tes w i t h_max i mum s i zes of  1 i nch  or l es s . 
Wa ter i n  the m i xture i s  the maj o r  c a u se  of m i x des i gn 
prob l ems . Beca u s e  o f  the h i gh mo i s ture content a t  the t i me o f  com­
pacti o n ,  i t  i s  i mpo s s i bl e  to reduce a i r  vo i d s  i n  the  total mi x to a 
no rma l l eve l . Hence , the major  d i sagreement between  l abora tor i es i s  
i n  the amo unt a nd method o f  curi ng . However ,  a ny des i gn procedure 
uti l i zed for emu l s i fi ed a s pha l t mi xtu res ( EAM )  mus t  determ i ne  the 
fol l ow i ng ( 5 ) : 
1 .  the s u i tab i l i ty o f  agg rega tes a nd emu l sif ied 
as p ha l t ,  
2 .  t h e  compa·t i b i l  i ty o f  emu l s i f i ed a s pha l t . a nd 
a ggregate , 
3 .  the  opt i ma l  mo i s ture content fo r compac t i o_ n , 
4 .  the  opt ima l  res i dual  a.s p ha l t co nten t,_ a nd 
5 .  the adequacy o f  structural  a nd durab i l i ty 
pro pert i es .  
I n  · th i s s tudy ,  however , cons i dera ti on wa s ta ken wi th res pect 
to a l l of the a bove requ i rements except the o pt i ma l  res i dua l  as p�a l t  
content . I ns tead , var i a ti on o f  the amou nt  o f  m i nera l  f i l l er i n  the 
mi x . a nd cur i ng  t ime were cons i dered a nd ana l yz ed ra ther tha n  deter­
mi n i ng � the - o pt·i ma l  res i dua l a s pha l t conten t for a j o b  mi x .  
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1 . 3  Obj ecti v e  a nd Scope of Study 
Th i s  s tudy was i n i t i ated to exami ne  the  beha v i or of  co l d  mi xes 
made w i th emu l s i f i ed a s pha l t  a nd u s ed a s  s urface  cours e on l ow- vol ume 
roads . 
The effect . o f  the fo l l owi ng two i tems o n  the  i ntegri ty o f  the 
mi x were eva l ua ted : 
1 .  Amount o f  mi neral  fi l l ers ( a ggregates pas s i ng No . 
200 ( 7 5 mm ) s i eve ) and i ts con tr i bu ti o· n to the 
s tab i l i ty of  the mi x .  
2 .  Tempera ture and curi ng t i me .  
The method ut i l ized i n  th i s  s tudy i s  p r ima r i l y  bas ed o n  th e 
Ma rs ha l l mi x-des i g n method wi th mi nor mod i f i cat i ons . An  overv i ew of  
the  study i s  s hown i n  Ta bl e 1 .  
Ta bl e 1 
Pl a n  o f  Study 
Cu r i ng  Time 
day i n  oven a t  1 00° F Cond i t i o n  1 
% Res idual 
As�ha 1 t 3 4 5 6 
% F i nes 
4 X X X X X X X X 
7 X X X X X X . X X 
10 X X , X X X X x · ·x 
NOTE : 
1 .  Two o-bs ervat i o ns of  each trea tment  








3 .  X a nd x• can b� any of the fo 1.1 owi ng : 
a .  s tab i  1 i tY 
b .  fl ow . 
c .  max i mum to ta 1 vo i ds ( r4TV ) 
d .  dry bu l k s peci fi c  grav i ty ( DBSG) 
e .  mo i s ture content (�1C ) 
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2 days i n  oven a t  100° F 
3 4 5 6 7 
x· x• x· x· x• 
x· . X I x· x· x· 
x· x· x· X • . x· 
x· x· x· x· x• 
x· x· x· x· x· 
x· x· X �  x· x· 
CHAPTER 2 
PREPARAT ION OF MATER IALS N EEDED  TO CONDUCT 
THE LABORATORY EXPER IMENTS 
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Un l i ke hot mi xes wh i c h  pr ima ri l y  cons i s t of  aggregate a nd a 
b i nder ( as p ha 1 t cement-AC-usua 1 1  y ) , co 1 d mi xes . conta i n three major  
i ngred i ents : a ggrega te , a b i nder , a nd water . Th� wa ter i s  added to 
the aggregate pr i o r  to i ntroduc i ng the  ernu l  s i o n  · to a i d  i n  . proper. 
coat i ng of the aggrega te ( deta i l s  i n  Cha pter 4 ) . Yet , c ha racteri s ti cs 
of  both aggregate a nd the emu l s i o n  a re equa l l y  i mporta nt to a good , 
s tabl e, fl ex i b l e mi x .  A wi de range o f  ma ter i a l s a re su i tab l e for u s e  
wi th emu l s i f i ed as pha l t .  Therefore , for a ny comb i nat i o n  df · aggrega te 
a nd emu l s i on  u t i l i zed · i n  a co l d mi x ,  a j ud i c i ou s  s e l ect ion  s ha l l be 
made bas ed an  the  chemi s try of  both the a ggrega te a nd· the emu l s i on a nd 
thei r beha v i o r  i n  the mi x .  Howev�r ,  i n  th i s  s tudy , th e emu l s i on a nd 
aggregate types � e l ected · · wer.e cat i on i c  s l ow s e.tt i ng- type 1 ( CSS - 1 ) 
emu l s i o n ,  th i s  emu l s i o n  was chos en beca u s e  o f  i. ts poten ti a l  succes s i n  
co l d  reg i ons  a s  c l a imed by i ts manufacturer . · Quartz i te aggregate was 
a l so u s ed . · Bot h  materi al s a re d i scu s s ed i n  more deta i l  i n  the s ub­
s equent paragraphs . 
2 . 1 . Aspha l t Emu l s i o n  
· A·l l  a sp ha l ts used i n  the Un i ted States a re p roducts of  crude 
pet_ro l eum . Asp ha l t i s  produced i n  a va r i ety o f  types and grades 
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rang i ng from ha rd a nd br i ttl e so l i ds to a l mo st water- th i n  l i qu i ds . 
For a l l a s p ha lt  products , a s phal t cement  i s  the  b a s e  ma ter i a l . I t  can 
be l i qu i fi ed by h eati ng , add i ng a sol vent , o r  by emu l s i fyi ng  i t  before 
us ed i n  con s tructio n . When a petrol eum so l v ent such  as naphtha or  
kerosene i s  added to  the a spha l t cement to ma ke i t  f l u i d ,  the  fi nal  
product  i s  ca l l ed a c utback .  Cutbac ks a re c l as s i f i ed accord i ng to 
the i r cur i ng a b i l i ty .  Th e major c l a ss i f i ca t i ons  o f  cu tbac ks a re rapid 
cur i ng ( RC ) ,  med i um cur i ng ( MC ) , and s l ow c ur i ng  ( SC ) . On the o ther 
hand , when as pha l t cement i s  bro ken i nto m i nu te pa rti c l es and d i s­
pers ed i n  water wi th  the aid of a n  emu l sify i ng a gent , i t  becomes an 
as pha l t emu l s i o n . The ti ny drop l ets o f  a s pha l t rema i n  · u niformly  i n  
s u s pens i on u nti l the emu l sion  i s  · u sed for i ts i n tended purpose . An 
el ec trochem i cal act i o n · i s  what keeps · the par� i c l es suspended dur i ng 
the l iqu i d  phas e .  F i gure 1 s hows the rel a t i v e  s i ze ·a nd d i s tri bu tion 
of  a s pha l t particl es i n  an  emu l sion ( 2 ) . Wh en e i ther · cu tbac.ks  or. r • , • • 
emu l s i ons  a re u sed in  the ·f i e l d , · the 1 iquifying � gent evapo rates . I n  
the case  o f  �mu l sions; t h e  remai nin g chemi�a l �  combi ne w i th the base 
as pha l t to enha nce the emu l s i on ' s  pro pert i es .· Th en i t  wi l l  perform 
i ts func t i ons . o f  cement i ng a nd_waterproofi n� .  
2 . 1 . 1  U s es o f  Aspha l t  Emu l s i ons 
The u s e  of  a s phal t emu l sions fo r road cons tructi o n  and mai n-
tena nc e · i s  not new .  Emu l s i ons  were fi rst  devel oped in the early 
· 190 0 ' s .  It was not unti l the . 1 920's , however , tha t emu l s i ons , as 
Figure 1 .  Re l ati ve s i zes a nd . d i stri bution  of
- aspha l t 
parti c l es i n  an  emu l sion . 
(Courtesy Chevron U.S •. A. Inc.) 
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known today , came i nto be i ng .  The i r  early u se wa s co nfi ned l argel y to 
s pray a ppl i cat i on s  a nd u s e  as  a du s t  pal l i a t i v e . The growth i n  the 
u s e  of  a s p ha l t ernu l s i ons  was rel at i vel y s l ow . . I t  was l im i ted by the 
types ava i l a bl e  a nd a l ac k  of  know l edge as  to how the emu l s i ons s hou l d 
be us ed .  Cont i nu i ng deve l o pment o f  n ew types a nd grades,. cou pl ed wi t h  
i mp roved construct ion  equ i pment and pract ices, now g i ves a broad range 
o f  c ho i ces, wi t h  wh i ch v i rtua l l y  a ny roadway req u i rement can be � et .  
However , the maj o r  u ses o f  aspha l t ernu l  s i on i n  the  U n i ted States are 
for :  
- Surface t rea tment 
- Pa tch i ng a nd th i n overl ays 
Stab i l i zat i on  
- Sl urry · s ea l i ng 
As pha l t emu l s i ons  a l so a re u sed i n  ba se , s u rface  cours e  mi xes , · 
a nd i n  recycl i ng .  
. . · .. ·. �·: .. 
Severa l  facto rs have ··contri bu ted to· a n a t i o nw i de i nteres t i n  
the u s e  of as pha l t emu l s i ons , namel y ( 1 ) :  
- The energy cri sis  of · the early 1 970 ' s  th� t  prompted 
con s ervat ion  measures . by · the Federal  Energy Adm i n­
i s trat i o n . ·As pha l t emul s i o n  do es no t requ i re a 
petro l eum sol vent to ma ke i t  l i qu i d .  A l so , i t  can be 
u s ed ( i n  mo s t  ca ses ) w i thout add i t i o na l  h eat . Both of 
t hes e contri bute to energy sav i ng s . 
HILTC. r. (.:�:-=�� u.;.�."fl\ 
South 0::' ·:>tJ � _.J Univcdty 
Brookmg:.. 30 57007-1098 · 
- The a b i l i ty o f  certa i n  types o f  a s pha l t emu l s i o n  to 
coat damp aggregate surfaces , wh i ch i s  a no ther energy 
sav i ng featu re . 
- Ava i l ab i l i ty o f  a var i ety of  emu l s io n  types , cou p l ed 
w i th i mproved l a bo ra tory procedu res , to sa t i s fy des i gn 
a nd con structi on  requ i rements . 
- Poten t i al cos t  sav i ngs by the u se of  l es s  fuel . 
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The two major  env i ro nmenta l  facto rs --_ energy conserva t ion  and 
a tmospher i c po l l u t i o n  - - were ma i nl y  w hat  cau s ed a n  i nteres t - i n  the 
use of as pha l t emuls i ons . 
2 . 1 . 2 Compos i t i on o f  Aspha l t  Emu l s i ons  
An  as pha l t emu l s i on cons i s ts _ o f  three  bas i c. i ngred i en ts : _  
aspha l t ,  wa ter , a nd an emu l s i fy i ng agent . On  s ome occa s i ons the · 
emu l s i fy i ng  agent may conta i n  a. s tabi l i zer . _ 
I t  i s  well  known that water a nd a s pha l t- w i l l  not mi x ,  exc ept 
under  carefu l l y  con tro l l ed co nd i ti ons  us i ng h ighly s pec i a l i zed equ i p­
ment a nd chemi ca l  a dd i t i ves . One o f  the  mo s t  eco nom i ca l  a nd amp l e 
mater i a l s added as an emu l s i fyi ng a gent i s  s oa p .  The soap  parti c l es 
surrou nd the g l o bu l es of a spha l t ,  brea k the s u rfac e  ten s i o n  tha t ho l ds 
-
them ,  a nd a l l ow them to d i sperse i n  water . Tha t i s  bas i ca l l y  how the 
reacti o n  occurs , a nd the obj ect  i s  to ma ke a d i s pers ion of the aspha l t 
cement  " i n  ·wa te r s tab l e enough for- pump i ng ,  pro l onged stora ge ,  a nd 
mi-xing . Furthermore,  the emu l s i on s hou l d  brea k down q u i ck l y  after 
1 5  
contact wi t h  a ggregate i n  a mi xer o r  after s pray i ng o n  the road bed . 
U pon  cur i ng , the  res i dua l a s pha l t reta i ns a l l of  the adhes i o n ,  dur­
a b i l i ty ,  a nd wa ter-re_ s i s tance of  the a s pha l t c ement from wh i c h  i t  wa s 
produced . However , the  emu l s i on  u s ed i n  t h i s  part i cu l ar s tudy , as  
ment ioned ear l i er ,  i s  cat ion i c  s l ow setti ng- type 1 ( CSS - 1 ) .  I t  i s  
produced a t  Koc h  Asp ha l t Company ,  St . Pau l , Mi n nes ota , and i ts com­
pos i ti on i s  a s  s hown i n  Tab l e 2 .  
2 . 1 . 3  Cl a s s i f i cat i o n  
As p ha l t emu l s i ons  a re  d i v i ded i nto t hree categor i es : an i on i c ,  
ca ti on i c ,  a nd non i on i c .  � In  pract i ce ,  t h e  f i rs t  two types are 
ord i nar i l y  u s ed i n  roadway construct ion  a nd ma i n tena nce . · Non i on i cs , 
however , may be more w i de ly  u sed a s  techno l ogy advances ( 2 ) . The 
a n i on i c  and ca ti on i c . c l a s ses refer to the e l ectr i cal.c ha rges s urround- . 
i ng the as pha l t pa rti cl es .  Th i s  i denti fi cat i o n  system s tems from one . 
. . 
of the ba s i c  l aws o f  e l ectr i c i ty- l i ke cha rges repel one  ano ther a nd 
un l i ke c ha rges a ttract . So i f  a c urrent i s  pa s s ed through  an  emu l s i on 
conta i n i ng negat i ve ly  cha rged part i c l es o f  a s pha l t ,.the  part i c l es wi l l  
mi grate to .the a node , a nd the emu l s i o n  i s  cons i dered a n i on i c .  Co n-
verse ly , pos i t i ve l y  cha rged a s pha l t· parti c l es wi l l  travel to the 
cathode ,  a nd the emu l s i on  i s  known t hen as  cat i o n i c . I f  the aspha l t 
parti cl es · do no t move to ei ther po l e ,  then they a re neu tral , and the 
emu l s i o n  i s  c las� i f i ed no i on i c . 
Tab l e  2 
Compos i t ion  o f  CSS - 1  Type  Emu l s i on 
I ngredient 
Petrol eum Aspha l t 
Add i t i ves 
Wa ter 
% By_Weight 
57 - 6 5  
< 4 
Ba l ance 
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Emu l s i on s  a r e  further cl as s i f i ed o n  the  ba s i s  o f  how qu i c kly  
t he  a s pha l t will coa l esce ; i . e . , revert to  a s p ha l t c ement . Terms such 
as RS , MS , a nd SS have been a do pted to s impl i fy a nd s tanda rd i ze thi s 
cl a ss i f i ca t i on . The terms a re relati ve o n l y ,  a nd mea n rapi d- s etti ng , 
medium setting ,  a nd s l ow- setti ng . The tendency to coa l es ce i s  c l ose ly  
rel a ted to the  m i x i ng o f  an  emu l s io n .  An R S  emu l s i o n  ha s l i ttl e  o r  no 
a b i l i ty to m i x wi th a n  aggregate ; an MS emu l s i o n  i s  expected to mi x 
w i th coa rs e but not f i ne aggregate ; and f i nal l y , a n  SS  emuls i on i s  
des i gned to mi x wi th f i ne aggrega te ( 2 ) .  
F urthermo re , the emu l s i ons  a re s u bd i v i d ed by a s er i es o f  num-
bers rel ated to v i s cos i ty �o f  the emu l s i on s  a nd ha rdnes s · of  the ba se  
asphal t cements . The des ignated l etter " C "  i n  fro nt of the emu l s i on 
type denotes cati o n i c  a nd i ts absence deno tes a n i o n i c  o r  noni on i c .  
For exampl e ,  RS- 1  i s  a n i o n i c  o r  non i o n i c  a nd CRS-1- i s  ca ti on i c emul­
s i on .  The clas s i f i catio ns of  a sph�lt . emul s i on s  a re s hown i n  Table 3 .  · 
2 . 1 . 4  Spec i fi cat i ons 
Standa rd s pec i fi ca t i ons for the grades of emu l s i ons have been 
deve l o ped by ASTM and the Amer i ca n  As soc i at i o n  of State H i ghway and 
Tran sporta t i o n  Off i c i a l s ( AASHTO ) . Those  s pec i f i cat i ons depend ma i nly 
on  the type , e l ectri cal charges , a nd coa l l i s i on  s peed of the emu l s i on , 
. 
and a re s hown i n  Table  3 .  The letter " h " that  fo llows certa i n  grades 
s imp ly  means . that a ha rder ba se  a s pha l t cemen t  i s  u sed . The " HF "  
preced i ng some o f  the M S  grades i nd i cates h i gh- float ,  a s  measu red by 
the Fl oa t Tes t ( ASTM 0139  or  AASHTO TSO ) . 
* 
Tabl e 3 
C l a ss i f i ca t i ons o f  As phal t Emu l s i o ns 
Emu l s i f i ed Aspha l t  
RS- 1 
RS- 2  
MS- 1 
MS-2 
MS- 2 h  
HFMS- 1 
HFMS- 2 
HFMS- 2h  
HFMS- 2s 
SS- 1 
SS- 1 h  
Us ed i n  t h is  s tudy . 
Cat i on i c  Emu l s i f i ed Aspha l t  




CSS- 1 * 
Css- 1 h  
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The emu l s i on u sed for th i s  study fal l s  i n  the  ca t i on i c  emu l ­
s i ons ca tegory . I t  s hou l d  be no ted tha t t he emu l s i o n  u s ed was CSS - 1  
a nd no t t h e  h i gh- fl oat type . Phys i cal  c ha racter i s t i cs of. t h e  CSS- 1  
type emu l s i o n  a re s hown i n  Tabl e 4 a nd are pr.esented a s  prov i ded by 
the manufacturer . 
2 . 2  Aggrega te 
In col d m i xes , as wel l as i n  a l l a s p ha l t  m i x es , the aggregates 
norma l l y cons t i tute 90 percent to 95 percent by we i ght  of the tota l 
mi x .  Th i s  po i nts out  the s i gn i f i cance of s el ect i ng t he r i ght type of  
a ggregate to be  u s ed in  the mix ( 1 2 ) . 
Aggrega te materi a l s o ften are i dent i f i ed i n  broad�r terms as  
roc k ,  s and , a nd dus t .  These  terms usua l.ly a re a pp l i ed to  the stock­
. p i l ed ma ter i a l s s uppl i ed to the job  s i te .  The fo l l owi,ng defi n i t ions  
appear to ha ve the grea test usage  ( 1 6}:  
Roc k  - Mater i a l s tha t- are predomi nantl y-coa rse  
a ggregate ( a l l ma teri a l reta i ned on  the  No . 8 
s i eve ) . 
Sa nd - . Mater i a l s tha t  are predomi nantl y f i ne aggrega te 
( ql l  materi a l  pass i ng the . ·No . 8 s i eve ) . 
Dus t  - Mater i a l s tha t  are predomi nantl y m i nera l  f i l l er 
( f i ne ly d i v i ded ma ter i al , mos t  o f  wh i c h w i l l  
pas s the No . 200 s i eve ) . 
Tabl e 4 
CSS -1 Emu l s io n  Phys i ca l  Data 
Property 
Phys i ca l  Des cri pti o n  
Bo i l i ng Po i nt 
Vapor Press ure 
Vapor Den s i ty 
So l ub i l i ty i n  Water 
Spec i f i c  Grav i ty 
% Vol a ti l e  by Vo l ume 
Eva pora t i on  Rate 
Description  
Chocol ate B rown L i qu i d ,  
sweet ish  odo r  
2 1 2°F 
23 . 7  mm o f  Hg @ 77° F 
0 . 62 
Sol u b l e 
1 . 02 
32-42  
NO' DATA 
.· · . .  : ,. 
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2 . 2 . 1 Qua rtz i te  
Geo l o g i ca l l y , qua rtz i te i s  a metamo rph i c roc k  or i g i nati ng from 
sands tone . As the  type o f  metamo rph i sm vari es , t he co l o r o f  quartzi te 
cha nges from wh i te and/or s ta i ned red when pure , to ye l l ow or o ther 
col o rs , depend i n g  o n  the  i mpur i t i es i n  i t .  The maj o r  m i nera l con­
st i tuent  o f  quartz i te i s  s i l i ca ,  a nd i ts amount  cou l d  va ry depend i ng 
on  i ts sourc e ,  a s  s hown i n  Tab l e 5 ( 1 1 ) . I n  t h i s s tudy ,  De l l Ra pi ds 
quartz i te i s  u s ed . S i l i ca consti tutes abo u t  96 percent of its 
compos i t i on . F i gu re 2 s hows De l l  Rap i ds qua rtzi te ;  a nd i ts s ta i ned 
red col o r  deno tes i ts pur i ty .  
I t. i s o f  great i mporta nce to note that qua rtz i te , a s  it ex i s ts 
i n  nature , carri es negat i ve cha rges , a nd s i nce  a . c a ti o n i c . emu l s i o n  
. wh i c h  carr i es pos i t i ve c ha rges i s  cons i dered i n  this s tudy ,  these two 
materi a l s wi l l  form a s trong bond when m i xed togeth.er·. For tha t 
reason , a nd s i nce  quartz i te i s  a ha rd ma teri a l , ha v i ng a h1gh ha rdnes s 
number ( 1 1 ) ,  qua rtz i t� wa s sel e.cted as the a ggregate wi th wh i c h to 
exper iment . 
2 . 2 . 2  Grada t i o n  
O n e  o f  the common mi xes used i n  t h e  Sta te o f  Sou th Da kota i s  
ca l l ed Cl a s s  G- type 1 .  A gradation  was s e l ected to s at i s fy th i s mi x ,  
i n  a n  a ttempt to come u p  w i t h a dense graded m i x to b e  us ed a s  a 
s u rface cours.e · for · a l ow vo l ume road . Th e grada ti o n  s el ected , al o ng 
. with  ·th� s pec i f i c  . amount· o f  aggregate ( i n grams ) fo r each frac ti on 
. s i ze ,  is  s hown i n  Table 6 .  
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Ta bl e 5 
Chemi cal  Compos i ti o n  of Qua rtz i te 
Content I n  Percent 
S i te Del l Rapids  Spencer S i oux  Fa l l s  
El ement 
S i l i ca ( S 1+o2 ) 96 . 26 99 . 14 9 7 . 58 
I ro n  Ox i d e  ( Fe2o3 ) 1 . 74 0 . 50 1 . 20 
Al um i na ( A1 2o3 ) 0 . 67 0 . 28 0 . 3 1 
f�agnes i a (MgO ) 0 . 09 trace 0 . 10 
Pota s s i um ( K20 )  trace N/ A 0 . 14 
Ca l c i um Ox i de  ( CaO ) 0 . 20 trace· 0 . 14 
Lo ss  o n  i gn i ti o n  0 . 1 6 N/ A 0 . 03 . 
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Figure 2. Dell Rapi d s  quartzi t e. 








Ta bl e 6 
Aggregate Grada t i on Used for the Tr i a l  M i x  
% Pa ss i ng Amou nt 
Sou t h  Da ko ta Sel ected Of Aggregate For 
C l a s s  G-Type 1 Gradat i on One Spec i men (gms ) 
. 1 00 . 1 00 0 
7 0- 90 75  300 
52- 70 55 240 
32- 52 35 240 
1 5- 3 2  1 7  2 16  




In th i s s tudy ,  t he amount  of mi nera l fi l l er ( aggrega te pa ss i ng 
the No . 200 s i eve ) was var i _ed . Th i s  var i a t i on actual l y  c hanged the 
amount of aggregate reta i ned on the No . 200 s i eve  and the pan .  The 
amount of mi nera l  f i nes were 4 percent ,  7 percent ,  and 10 percent of 
the to ta l aggrega te we i g ht . 
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CHAPTER 3 
LABORATORY TEST I NG PROCEDURE AND RESULTS 
Due to the many facto rs a ffect i ng col d m i xes us i ng emu l s i f i ed 
aspha l t ,  a pre- determi ned des i gn does not app ly  to suc h mi xes .  The 
des i gn facto rs for the ma i n  experi ment must be obta i n ed by conducti ng 
var i ous prel im i nary l abora tory tests . The ma i n  exper i ment i n  th is  
study ut i l i zes a mod i fi ed r�arsha l l mi x des i g n  concept , as  ment i oned 
ea r l i er .  
Th is  part  of the study concentrates on a l l n ec essa ry ca l cula­
tions and on the prel im i nary tests conducted to obta i n  the ma i n  mi x 
des i gn facto rs . The fo l l owi ng i �  a l ist o f  the tes ts a nd ca l cu l a ti ons 
performed : 
1 .  Cal c u l a t i ons of  the tri a l  res i dua l aspha l t 
content .  
2 .  The coat i ng. test i n · wh i c h  a pre-mi x water content 
was determi ned .  
3 .  An o pt i mum water content a t  compacti on  test . 
4 .  An · ·exper i ment to determi ne the testi ng 
tempera ture . 
5 .  Ca l cu l a t i ons for adj usti ng the amount  o f  a gg rega te 
i n  the m i x .  
In add i t i o n , � · this part o f  the study exam i nes the ma i n  exper iment 
per._forme·d _ i n  t he laborato ry to determi ne the maj o r  p ro perti es of  co l d  
mi xes , w h i c h  wi l l  be a na l y'zed a nd stud i ed i n  a l a ter c hapter . 
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3 . 1 Tr i a l Res i dual Aspha l t  Content 
The methQd fo r determ i n i ng the tri a l  res i dua l  a spha l t  content 
cons i s ts of two major  ca l cu l at i o ns . 
Fi rst  the emu l s i fi ed as pha l t content ,  wh i c h  i s  ca l cu l ated as  
fo l l ows , wh i ch i s  recommended by the  As pha l t Emu l s i on . Manufac turers 
Assoc i at i o n  ( AEMA ) ( 2 ) , 
where , 
P = 0.05 A + 0.1 B + 0 . 5  C 
P = percent by_wei ght of emu l s i f i ed a s phal t ,  based on 
we i g ht  o f  graded m1neral a ggregate. 
A = percent of  mi neral aggregate reta i ned o n  2 . 36 mm 
( No . 8 )  s i eve .  · 
B = percent of  mi  nera 1 aggregate pass i ng 2 .  3 6  wn · ( No .  
8 )  s i eve  a nd reta i ned on  7 5  �m ( No .  200 ) s i eve� 
C = percent  o f. mi nera l · a ggrega te pas s i ng . 7 5  �m ( No. 
200 ) s i eve . 
. P ,  A ,  B ,  and C are express ed as  whol e number . 
Second , the res i dua l aspha l t content , wh i c h i s  calcu l a ted as  
fo 11 ows : 
where , 
Res i dua l  As phal t Content = P * d 
P = percent ·by we i ght of emu l si f i ed asphait . 
d = percent o f  res i dual  aspha l t i n  emu l s i on .  
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3 . 1 . 1 Sampl e  Ca l cu l at ions  
A = Reta i ned o n  2 . 36 mm ( No .  8 ) s i eve = 54  percent  
B = Pass i ng 2 . 36 mm ( No .  8 )  s i eve a nd reta i ned o n  7 5  llm ( No .  200 ) 
s i ev e  = 40 percent 
C = Pas s i ng 7 5  llm ( No .  200 ) s i eve = 6 . 0  percent 
d = Percent res i dua l a spha l t i n  emu l s i on ( CSS- 1 ) = 6 5 . 0  percent 
Then , 
P = 0 . 05 ( 54 . 0 )  + 0 . 1  ( 40 . 0 )  + 0 . 5  ( 6 . 0 )  = 9 . 7  percent a nd the tri a l  
res i dua l a s p ha l t  con tent = 9 . 7 * 0 . 65 = 6 . 3  per�en t .  6 . 0  percen t  i s  
u sed .  
A mor_e accura te method --, performed i n  the 1 a bora tory �  ca n be 
uti l ized to determi n e  the  tr i a l · res i dual  as pha l t content .  I t  i �  known 
as the Centr i fu ge Kerosene . Equ i va l ent ( C . K . E . ) method ( 7 ) . W i th a 
ca l cu l a ted s urface area a nd the facto rs obta i ned by the · C . K . E . · tes t 
for a part i cu l a r  a ggregate o r  bl end of  aggregates , the 
,
a pp�ox imate 
a s pha l t content i s  determi ned us i ng a s er i es of  c ha rt s . 
Yet , i f  the C . K. E . tesi  equ i pment i s  not ava i l a b l e ( wh i c h i s  
the ca se  i n  t h i s s tudy ) , the formu 1 a pres e n  ted a bove . ea n be used to 
prov i de a n  a ppro x i ma t i on of the tri a l  res i dual  a s pha l t content ( 2 ) . 
- 3 .  2 Pre 1 im i na  ry Ex per i menta 1 Work 
3 . 2 . 1 Coa t i ng 
Se  1 ec t i  on  · .b f  ernu l s i f i  ed as pha 1 t type a nd g rade  for use on a 
pa_rt i cu ·l ar proj e.ct i s  based i n  part on  the a b i l i ty o f  the emul s i on to 
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adequa tel y coat the job aggregate . Other factors  wh i c h  a ffect thi s 
sel ect i on a re : 
( 1 )  Aggregate type , such  a s  natural aggregate ,  quart� 
zi te , etc . 
( 2 )  Aggregate grada t i on and  c ha racter-i s t i c s  of the 
mi nera l f i l l er. 
( 3 )  An t i c i pa ted water co ntent o f  the aggrega te . 
( 4 )  Ava i l ab i l i ty of  water at  the cons truct i on s f te. 
For a g i ven aggregate , more than o ne type of  emu l s i on i s  o ften 
acceptabl e ,  a nd the s el ecti o n  s hou l d  be ba sed o n  mi. xture properti es 
. . 
determi ned by compara t i v e  mi xtu're des i gn. Such pro perti es tha·t i nfl u­
ence the s ec t i o n  are : percent . coat i ng o f  the a ggrega te , s tab i l i ty of 
the mi xture , worka b i l i ty of the mi xture,  a nd s_o o n. Add i t i onal 
factors tha t canno t  be  ev� l uated at  the t ime of m i x des tgh , but  wh i ch  
s hou l d  be  accounted fo r at  the t ime of  construct i on  are  ( 1 } : 
( 1 )  Ant i c i pa te� weathet . 
( 2 )  Type of  mi x i ng proces s . 
( 3 )  Co ns truct ion  equ i pment s el ected a nd f i e l d  pro-
cedu res ·u s ed . 
3 . 2 . 1 . 1  Coa ti ng Tes t  
Prel im i nary eval u�t ion  o f  each  emu l s i f i ed a s pha l t se l ected for 
. . . 
mi xture des i gn . i s  . accompl i s hed through  a coa t i ng tes t. The tri a l 
res i dual _ a s pha l t content a s  det�rmi ned i n  paragra ph  ( 3 . 1 )  i s  combi ned 
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wi th the job aggregate , a nd coat i ng i s  v i sua l l y  est i ma ted as  a per­
centage of the tota l a rea . An emu l s i fi ed a s pha l t ' s  a bi l i ty to coat  a n  
aggregate i s  u s ua l l y  sens i t i ve to  t he  premi x w� ter co ntent of  the 
aggregate . Th i s  i s  espec i a l l y  true for aggregates conta i n i ng a h i gh 
percen tage  o f  mater i a l pa s s i ng a 7 5  �m ( No .  200 )  s i ev e , where i nsuff i ­
c i en t  pre-m i xi ng wa ter resu l ts i n  ba 1 1  i ng o f  the a spha 1 t wi th the 
mi nera l f i l l ers a nd i n suffi c i ent coat i ng .  For th i s  . reason , the 
coat i ng test i s  perfo rmed at vary i ng a ggrega te wa ter contents . 
Emu l s i f i ed a sphal ts wh i ch do not  pa s s  the coat i ng tes t are not co n­
s i dered further . Deta i l ed procedures for the coa t i ng  tes t are l i s ted 
bel ow . 
3 . 2 . 1 . 2  Equ i pment 
( a ) Ba l a nc e  5 , 000 gms . mi n i mum ca pac i ty and acc·u ra te 
to wi th i n  ! 0 . 5  gms . 
( b )  Labora tory _ m i x i ng equ i pment ,  preferabl y m�chan i zed 
a nd ca pab l e o f  produc i ng i nti ma te m i xtures .o f  the job  
aggregate , wa ter and emu l s if i ed a s pha l t .  Ha nd mi x i ng ,  
i f  u s ed ·, mus t  be s uffi c i ent ly  thoroug h  to u n i formly 
d i s perse the water a nd ernul s i on throughou t  the  
a ggregate . 
( c ) An oven t hat  ca n be control l ed a t  100° + s 0 c ( 230° 
! gO y )  . . 
� d ) Meta l · pa ns , a pprox i matel y 200 x 3 5 5  x 50 mm ( 8  x 
14 x 2 i n .  ) . 
• 
( e ) Su ppl y  o f  metal k i tchen m i x i ng s poons  ( approx i ­
mately  2 50 mm ( 1 0 i n . ) ) .  
3 . 2 . 1 . 3  Procedure 
3 1  
Th i s  procedure i s  i n  accordance wi t h  the method o u t  1 i ned i n  
the Aspha l t Emu l s i o n  Manua l ( 1 ) , and i s  a s  fol l ows : 
( a ) A representa ti v e  sampl e o f  the emu l s i on con s i dered 
for the proj ect ( CSS- 1 )  wa s obta i ne� . 
( b )  A repres enta t i ve · sampl e o f  the j ob aggrega te wa s 
obta i ned .  
( c )  The aggrega te wa s oven dri ed unti l i t · wa s ea s i l y 
s epara ted i nto the s pec i fi ed s i eve s i zes . 
( d )  The mo i s tu re co ntent of  the aggrega te wa s deter­
mi ned accord i ng to ASTM Tes t  Method 022 1 6 ,  · � ' La bo ra tory 
Determi na t i on  of  Mo i s ture. Conten t  o f  So i l ,  11 and · 
res u l ts were reco·rded . 
( e )  Four separa te ba tch es of the dr i ed aggregate were 
prepa red for tra i l mi xes . Eac h  ba tch ma ss wa s a pprox­
i matel y 1 200 g ( oven dry ba s i s ) . Tnese  ba tch es were 
prepa red by rebl end i ng exact  fracti ons of mater i a l s 
reta i ned on  the s i eves s pec i f i ed for th i s  proj ect �  . 
( f ) · On e at  a t ime ,  the ba tches were pl aced i n . the 
mi xi ng , bowl of the mechan i ca 1 mi xer . An 1 1 X 1 1  percent  
of �ater was i ncorporated by dry we i ght  o f  a ggregate 
i n  exces s  o f  the a i r  dr i ed wa ter content ( i f a ny ) . 
Water was added i n  a thi n s tream · and the a ggrega te was 
mi xed u nt i l the  water was thorough ly d i s pers ed . 
( S i xty s econds o f  m i � i ng t ime wa s 
prov i de thoro ugh  d i s pers i on of  the 
s uff i c i ent  to 
water. . )  The 
i n i t i a l  1 1 X 1 1 percentage wa ter wa s s el ected accord i ng to 
the fol l owi ng c r i ter ia : 
- s l ow setti ng ( SS a nd CSS ) a s phal t emu l s i o ns .  
Thes e often requ i re a h i gher wa ter content . to 
produce sa ti sfactory mi xes ; the coat i ng  tes t 
s hou l d  s tart at  about 3 percent added wa ter 
( 2 ) . 
( g )  The amount of  emu l s i f i ed a s pha l t { percent by 
wei ght  of  dry a ggrega te ) a s  determi ned i n  paragraph  
( 3 . 1 )  wa s a dded . The emu l s i o n was added i n  · a  th i n  
s tream to mi n i mi ze the tendency of the a s pha l t to bal l 
u p  wi th the mi nera l  fi l l er .  A 30  seconds m i x i ng  ti me · 
wa s sa t i s fac to ry . · 
( h )  The free wa ter content of the aggregate a t  mix i ng 
wa s cal c u l ated by combi n i ng the mo i s ture co ntent of 
the aggrega te wi th the percentage of wa ter added . 
EXAMPLE 
Wa ter co ntent of  a i r-dri ed aggrega te = 0 . 7 5 
percent . 
-Perc_entage of wa ter added pr i or to add i t i on of · 
emu l s i fi ed a s pha l t = 3 � 5 percent . 
· Therefore , tota 1 premi x wa ter befo re m i x i ng 
w i th emu l s i f i ed aspha l t = 4 . 25 percen t . 
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( i ) Th e mi xture was a l l owed to a i r  dry wi th the  a i d  of  
an  el ec tri c fa n .  At  th i s  t ime the other  ba tc hes were 
prepa red i n  the. same manner . Mi xes that became soupy 
were con s i d ered unacceptabl e .  
( j ) The a ppeara nce o f  the s urface dry mi xture  was 
ra ted by v i sua l l y  est i mat i ng the  tota l a gg regate 
s u rfac e  area coa ted wi th aspha l t .  
3 . 2 . 1 . 4  Resu l ts 
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Coa ti ng  tes ts . were · conducted u s i ng the· tr i a l  res i dua l  as phal t 
·-
co ntent ( 5 . 0 perc en t )  and a range of mi x i ng wa ter contents ( 3- 6  
percent ) .  By v i sua l  o bs erva t ion ,  resu l ts showed the fo l l owi ng : 
M i xi ng Wa ter Content Es t i mated Percent Coa t i ng 
3 80 
4 90  
5 100 
6 Soupy Cond i t i ons  
At 6 percent  mi x i ng wa ter conten t ,  the · mix  showed soupy cond i t i ons . 
Thu s ,  6 percent or more s ha l l not be  co ns i dered for th i s  m i x .  More­
ov er , a mi x i ng  wa ter up  to 5 percent fo r thi s spec i f i c  emu l s i o n 
( CSS- 1 ) and a ggrega te ( quartz i te )  wi l l . prov i de adequa te cqat i ng . I n  
th i s  pa rt i cu l a r mi x�u re a nd throughou t  the  res t of th i s  s tudy ,  a 5 
percent mi x i �g wa ter co ntent wi l l  be u sed .  
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3 . 2 . 2  Opt i mum Water Content a t  Compacti on 
M i xture properti es are .c l ose ly  rel a ted to the dens i ty of the 
compacted spec i men s . Thus , i t  i s  nec es sa ry to o pt i mi z e  the wa ter 
co ntent at compac t  t o n  to max imi ze the des i red m i xture  propert i es . 
Th i s  mus t  be do ne  for eac h  comb i nati on of  emul s i on  type ,  emu l s i on 
grade , a nd aggregate type cons i dered for each proj ect .  
3 . 2 . 2 . 1  Equ i pment 
The fo l l ow i ng equ i pment was . u s ed for the preparat i o n  of tes t 
s pec imens : 
( 1 )  Scoo p ,  for ba tch i ng aggregate . . 
( 2 ) Thermometer , 10° C ( 50°F )  to 65 . 5°C ( 1 50° F ) . 
( 3 )  Ba l a nce ,  2 kg capac i ty ,  s ens i t i v e  to � 0 . 1 g .  
( 4 )  Mi x i ng s poon , l a rge . 
( 5 )  Spa tu l a s , smal l and l a rge . 
( 6 )  Mecha n i ca l  mi xer , capac i ty to hand l e 2 500 g .  
( 7 )  Mecha n i ca l  compact i o n  mac h i ne .  
( 8 )  Compact i o n  mo l ds  cons i s t i ng o f  bas e pl a tes , 
fermi ng  mo 1 ds , and co 1 1  a r extens i ons . The ferm i ng 
mol d has  an i ns i de d i ameter of  101 . 6  mm (4 i n . ) a nd 
he i ght  o f  a pprox ima te ly . 76  mm ( 3  i n . ) ;  th e bas e  p l ate 
a nd co l l ar extens i on a re des i gned to be  i nterc ha �ge-. 
ab l e wi th . e i. ther end of the form i ng mo l d .  
( 9 )  ·Extrus i o n  j ack  for extrud i ng compacted s pec i mens 
from mo l d .  
( 10 )  G l oves , we l ders , for ha ndl i ng hot equ i pment a nd 
for avo i d i ng d i rect  contac t of emu l s i ons w i th s k i n .  
( 1 1 )  Pa per tape for i denti fy i ng tes t s pec i mens .. 
( 1 2 )  Pan s , meta l , for batch i ng aggregates . 
( 13 )  Oven , forced draft , ca pab l e  of ma i nta i n i ng a 
tempera ture of 1 1 0  + 2 . 8°C ( 230 + 2 . 8° F )  for deter­
mi n i ng mo i s ture co ntent . 
3 . 2 . 2 . 2  Prepara t i o n  of  Tes t  Spec imens 
( 1 )  Number o f  s pec i mens . Two s pec i mens for· each  water 
co ntent at  compact i on were prepared . 
( 2 )  Prepara ti o n  of  mo l ds a nd hammer . The s pec i men 
mo l d  a s s embl i es a nd the face of the compact i o n · hammer 
were thorough l y  c l eaned . A p i ece · of . f i l ter pa per 
towel i ng cut to s i ze was p l a.ced i n  the bottom o f  the 
mo l d  b efore pl ac i n� the mi xture i n  i t .  
( 3 )  Prepara t i o n  o f  aggregate . Each s i ze fract i on  of  
the  a ggrega te wa s recombi ned to produce a tota l 
aggregate we i ght  of  2400 g ( 2 . 4  kg ) . . Th e tempera tu re 
of the aggrega te wa s c hecked and determi ned to be 
wi th i n 72 � 3° F ( 2 2 . 2  � 1 . 7° C )  prior to m i x i ng . 
( 4 ) Ca l c u l a t i ons � Fou r ca l cu l at ions  were made  for 
each  comb i nat i on of  aggrega te a nd a s pha l t :  we i g ht  of · 
aggr�gate , we i ght  of  emu l s i on , we i g ht of added 
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pre-mi xi ng water , a nd wei ght of  water need to be 
removed ( by aerat i on  before )  compact i on . The fo l l ow­
i ng formu l a s  were u s ed for the cal cu l a t i on s : 
( l )  We i ght of  a i r-dri ed aggregated a dd ed = 
( a/ ( 100- b ) ) *100 . . . . . . . . . . . .  ( 4- A )  
( 2 )  We i ght of  emu l s i on = 
( a*c ) /d  . . . . . . . . . . . . . . .  ( 4� 8 )  
( 3 )  We i ght o f  pre-mi x i ng wa ter added = . 
a ( f-b- ( e*c/d ) ) / 1 00 . . . . . . . . .  ( 4- C )  
( 4 )  we i gh t  o f  water l oss  befo re compact i on  = . 
where 
a ( ( f- g ) / 1 00 ) . . . . . . .  ; . . . . . ( 4- D )  
a = wei ght o f  dry aggrega te . 
b = percent water content o f  a i r- dr i ed 
aggregate . · · 
c ·= des i red res i dua 1 as pha 1 t content , 
perc ent by we i g ht of  dry agg rega te .  
d = percent res i dual  a spha l t i n  the 
emu l s i on . 
e = percent water i n  emu l s i o n = 1 00-d . 
f = percent pre-mi x water cont�nt a t  
mi x i ng ( we i ght dry aggregate ) .  
g = percent water · content at  com- · 
· pact ion  by wei ght of dry aggrega te .  
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( 5 ) Add i t i o n  o f  pre-mi x i ng wa ter . After p l ac i ng the 
a ggregate i n  the m i x i ng _ bowl , the amou nt of  pre- mi x i ng 
wa ter , a s  determi ned earl i er ,  wa s added i n  a th i n  
s tream . Care was ta ken to ensure that wa ter tempera­
tu re was i n  the ra nge 72  � 3°F ( 22 . 2 � 1 . 7° C ) . The 
wa ter wa s m ixed wi th  the  aggregate i n  a mecha n i cal  
mi xer for 1 . 5  + 0 . 5  mi nutes . 
( 6 )  Add i t i on  o f  emu l s i on .  The amount o f  emu l s i o n ,  as  
determ i n ed by the  tri a  1 res  i. dua 1 aspha 1 t co ntent , · was 
added to the  mo i s tened aggregate i n  a th i n  s tream a s  
the ma ter i a l  wa s m i x i ng .  M i x i ng t i me of 1 + 0 . 5  
m i nutes  showed sat i s factory d i s pers i on .  
( 7 )  Aera t i o n  to reduce the wa ter co ntent � f  the  
m i xtu re . Whenever the des i red water content a t  com­
pacti o n  d i ffered from the o_ptiniuril mi x i ng wa ter con­
tent , i t  was n eces sa ry to aera te the ma ter i a l . · · A l l 
the mater i a l  wa s removed from the mi x i ng  bow l · a nd 
pl aced i n  a n  a erat i on pan . The mi xture was d i s tr i ­
buted i n  the pa n s o  that the depth d i �  no t exceed o ne 
i nc h . The wei ght  of the mi xtu re a nd pan was recorded � 
a nd the requ i red we i ght. l o ss  to  reach the  des i red com-
pact i on wa ter co ntent wa s ca l cu l ated by Equati o n  
( 4 - D ) . The .m i xture wa s then 1 eft to dry wi th the a i d · 
of  an  e l ectr i c  fa n . Th e mi x wa s frequent l y s t i rred 
unt i l the a ppropr i a te · amou nt o f  water l o ss  was 
reached . 
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( 8 )  Compa ct i on o f  s pec i mens . · The ba se  p l a te ,  Marsha l l 
fo rmi n g  mol d ,  a nd col l ar extens i on were a s sembl ed wi t h  
t he ba s e  p l a te , wh i c h was covered wi th a p i ec e  of  
f i l ter paper  cut  to s i ze .  The mi xture wa s p l aced i n  
the mo l d  a s s embl y a nd s paded wi th a sma l l s pa tu l a · 1 5  
t i mes a rou nd the · peri meter and 10  t i mes over the 
i nteri or . A s econd p i ece of  fi l ter · pa per cut to s i ie 
was p 1 aced over the top of  the mi xture . The roo l d  
a s s embl y  was then p l aced on  the compa ct i on mac h i ne . 
F i fty b 1 ows were app 1 i ed to each face o f  the rna 1 d .  
The fi l ter pa per , a l ong wi th the co l l a r extens i on and 
the ba s e  p l a te ,  were removed from the mo l d .  
( 9 ) Cur i ng o f  s pec imens : Spec i mens were cu red a t  7 2  + 
3° F ( 22 . 2  ! 1 . 7° C )  i n  the formi ng mo l d  for a. per i od o f  
2 4  hou rs . Dur i ng curi ng , s pec i mens were s et o n  thei r ·  
edges to ensure  equa l  vent i l at ion  on  both s i des . 
( 10 )  Tes t i ng for s tabi l i ty .  Spec i mens were tested· fo r 
Mars ha l l s tab i l i ty a s  descri bed i n  para gra ph  ( 3 . 3 . 3 ) . 
A pl o t  wa s then prepa red s howi ng the rel at i o ns h i p  
between wa ter co ntent a t . compact i on and stab i l i ty .  
The opt i mum water content a t  compacti on  was determ i ned 
a s  the pea k of  that  curve ( F i gure 3 ) . 
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3 . 2 . 2 . 3 Sampl e  Cal cu l a t i o ns 
a = ma ss of  dr i ed aggregate = 1200 g .  
b = percent wa ter content o f  dri ed aggregate =. 0 . 0 .  
c = des i red res i dua l  a spha l t content = 5 . 0  percent . 
d = percent res i dual  a s phal t i n  the emu l s i on = 65  perc ent as 
s u ppl i ed by ma nu facturer . 
e = perc ent wa ter i n  the emu l s i on = 3 5  percent . 
f = percen t  pre-m i x i ng water content = 5 . 0 percent . 
g = des i red percent  wa ter co ntent a t  compacti o n  = 2 percent . 
( 1 )  we i ght  of  a i r  dr i ed aggrega te added = a/ ( 1 00- b ) * 100 
= { 1 200/ 100- 0 ) * 100 = 1 200 g !  
( 2 ) we i ght  o f  emu l s i o n  = ( a*c )/d  = ( 1 200*5 ) /65  = 9 2 . 3  g .  
( 3 ) · we i ght  o f  pre- m i x i ng wa ter added = a ( f- b- ( e*c/ d ) ) / 1 00 
= 1 200 { 5- 0- ( 3 5*5/ 6 5 ) ) / 100 
= 2 7 . 7  � 28 g .  
( 4 )  wei g ht of wa ter l o ss fOr compact ion  = a ( f- g )/ 100 = 1 2d0 ( 5- 2/ 1 00 )  
= 3 6  g .  
3 . 2 . 2 . 4 Res u l ts 
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Spec i mens were compacted at va ry i ng wa ter contents , ra ng i ng 
from 2 to 6 percent ( 2  s pec i mens at  each water content ) . .  T�e spec i ­
mens con ta i ned 5 percent res i dual  as pha l t and m i xed at . 5 · percent · 
pre-mi x i ng  wa ter � content , yet compac ted a t  2 ,  3 ,  4 ,  5 ,  a nd 6 percent 
wa te·r .  • .  The m i xture wa s a l l owed to aerate wi th t he a i d of  an e l ectr i c  
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fan when the water content at compact i on was l es s  t ha n  the  pre-mi x i ng 
water co nten t . More wa ter was added when the water co n tent at  com­
pact i on  exceed eq the  pre-mi x i ng wa ter conten t .  Tab l e 7 s hows the 
amounts o f  water l os s es and add i t i ons . 
After 24 hou rs of curi ng , the  s peci mens were extrud ed and 
tes ted for Ma rsha l l  s tab i l i ty a t  7 2°F ( 22 . 2° C ) . F i gure 3 a nd Tabl e 8 
s how tha t opt i mum s ta bi l i ty occurs a t  a wa ter content o f  - 5 percent . 
Th i s  i s  wi th i n  the  acceptab l e range of pre-mi x i ng water contents , a nd 
i s  u sed i n  the ma i n  tes t i ng of  s pec imens , see Sect i on ( 3 . 3 ) of th i s  
cha pter . . 
3 . 2 . 3  Determ i na t i o n  o f  Test i ng Temperature 
Th i s  tes t was co nducted i n  an  a ttempt to reach an  acceptab 1 e 
temperature for wh i ch s pec i mens are cured a nd tes ted . The importance 
of th i s  tes t comes i n to p i cture a t  th i s  l evel of  testi ng s i nce ' no need 
for oven temperatu res wa s· n ecessary for al l the tes ts conduc ted so 
far .  Al l the prev i ous  testi ng was performed u nder room-- temperatu re 
cond i t i ons . 
3 . 2 . 3 . 1  Tes t i ng _ 
Al l s pec i.mens were prepared and tes ted i n  acco rdance wi th 
s ections  ( 3 . 2 )  a nd ( 3 . 3 )  of  th i s  c hapter . L i s ted be l ow a re so�e h i nts 
concern i ng the natur.e of  the  tes t : 
1 .  F i v e  d i fferent temperatures were chos en , i nc l ud i ng 
room temperatu re ( 7 5° F ) . 
* 
Tab l e 7 
Amou nts of  Wa te.r Lo ss  for Compact io n 
Des i red Wa ter Content 






Amount of  Wa ter Los s  
for Compacti o n  · (gms ) 
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24 




( - 1 2 )  mea ns tha t  12  grams of water were added i n  
excess  of  the requ i red pre-mi x i ng wa ter amou n t .  
4 1  
Ta bl e 8 
Determi na t i on  o f  Opt imum Water Content at  Compact i on 
* Sta bi 1 i ty Spec i men Load Di a l  ** Correcti on  Identi f i cat i o n  Read i ng ( 1 bs ) Facto r  
2 A 29  7 29 . 33 0 . 7 1 1  
2 B 38 858 . 66 0 . 744 
3 A 3 1  7 58 . 07 0 . 7 1 2  
3 B 38 858 . 66 0 . 728 
4 A 48 1002 . 36 0 . 744 
4 B 52 1059 . 84 0 . 7 1 1  
5 A 74 137 5 . 98 0 . 744 
5 B 6 1  1 189 . 1 7 0 . 743 
6 A 57  1 1 3 1 . 69 0 . 744 
6 B 47 987 . 99 0 . 744 
* . 
**The numer i ca l  val u e  ( i . e .  4- A )  mea ns 4% wa ter content . 
Stab i l i ty ( l bs )  = 3 1 2 . 6  +. 14 . 37 ( X ) ,  where X =  Load D i a l  
Co rrected 
Stab i l i ty 
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F i gure 3 .  %W/ C · at compac ti on  vs . dry s tab i l i ty .. 
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2 .  Two s pec i mens were prepared and tes ted a t  each 
tempera ture . 
3 .  Eac h  s pec i men was cu red for two days , co ns i s t i ng  
o f  o ne day i n  a mol d  at  room temperature , a nd o ne day 
o ut  of t he mol d at the des i gnated tempera ture . 
4 .  I n  o rder to es tab l i s h a s trong ba s i s  o f  compar i ­
son , a l l s pec i mens were prepared a t  5 percent  res i dua l  
as pha l t content and 6 percent mi nera l fi l l er content . 
3 . 2 . 3 . 2 Resu l ts 
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Upo n  compl et ion of test i ng , the data wa s co l l ec ted ( s ee Tab l e  
9 )  and pres en ted i n  c urve  form , s hown i n  F i gure 4 .  The f i gu re s hows 
. .  
tha t s ta bi l i ty i s  i nverse ly  pro port i ona l to the tes t i ng temperature ,  
mean i ng tha t s ta b i l i ty decreases as the  tes ti ng temperature i ncreas es . 
The l a rgest appa rent  reducti on i n  stab i l i ty occurred _ when the tempera ­
ture was ra i s ed from 7 5°F '( room temperature ) to 100° F .  Th i s  reduct i o n  
wi l l  act a s  a safety factor i ncl uded i n  t h e  des i gn . . Mo reover , 100° F 
somewhat s imu l ates the f i el d  co nd i t i ons  for a co l d  mi x .  Therefore,  
l00° F wa s cho sen a s  the des i gn test i ng tempera ture fo r the  ma i n  test 
of th i s  study . 
3 . 2 . 4  Adj us tment  o f  Amount o f  Mi xtu re · 
Genera l l y  i t  i s  des i ra bl e to prepare a s i ng l e tr i a l  for the 
type of  aggregate  cons i dered . for the job pri o
r  to compact i ng the tes t 
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Ta b 1 e 9 
Temperatures Tes ted 
Temp . a t  
a t  wh i ch 
Spec imen Load Di a l  Correc- Corrected 
i s  rss ted Read i ng Stabi l i ty t i on Stab i l i ty 
( F )  ( L . D . R . )  ( LBS . ) Ra ti o ( LBS . ) 
75 A 8 5  1 534 . 05 0 . 98 1 503 . 37 
75  B 9 0  1 605 . 90 0 . 98 1 573 . 78 
100 A 48 1 002 . 36 0 . 96 962 . 27 
100 B 5 1  1 045 . 47 0 � 93 972 . 29 
1 1 0  A 26  686 . 22 0 .  93 . 638 . 20 
1 10 B 26  686 . 22 1 . 00 686 . 22 
1 20 A 2 3  643 . 1 1 1 . 04 668 . 83 
1 20 B 2 7  700 . 59 0 � 86 602 . 51 
1 30 A 1 9  585 . 63 0 . 96 562 . 20 
130 B 1 9  585 . 63 0 . 83 544 . 64 
* 

























70 80 90 100 1 10 120 1 30 
Tes ti ng Temperatu re ( °F )  
F i gu re 4 .  Testi ng temperatu re vs . dry s tab i l i ty .  
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s pec i mens . Shou l d the he i ght of  the extruded tr i a l  spec imen fa l l 
beyond the l im i ts o f  63 . 5  + 6. mm { 2 . 5 + 0 . 25 i n . ) ,  the  amount  of  
mi xture may be  adj us ted a s  fol l ows : 
Adj u s ted mass  o f  a ggregate per s pec i men = 
63 . 5  ( mas s  of  a gg regate used )/ ( s pec i men h e i g ht ( mm )  obta i ned ) 
. or  for U � S . Cu s tomary - u n i ts : 
Adj u s ted wei gh t  o f  a ggregate � 
2 . 5  (weight  o f  aggregate used ) / ( s pec imen h e i g h t  ( i n . ) o bta i ned ) 
3 . 2 . 4 . 1 Cal cu l a t i o ns 
Therefore , 
We i gh t  o f  a ggrega te u sed = 1 200 gra�s 
Spec i men h e i g ht o bta i ned = 3 . 0385 i n .  
Adj us ted we i ght  of a ggregate = 
2 . 5*1 200/3 . 0385 � 987 . 3  g 
Use  987 . grams 
Us i ng the adj u s ted amount  o f  987 grams i n  the s pec i mens u s ed for 
temperature a t  tes t i ng determi nat i on , the s pec i men s had he i g hts i n  the 
ra nge of 2 - 7/ 16  to 2 -3/ 4  i nches . Th i s  fa l l s. wi th i n  the accepta b l e 
ra nge of  2 . 5 ! 0 . 2 5  i nches . Therefo re ,  987 gms were u s ed i n  prepar i ng 
a l l s pec i mens  for th i s  study ,  and the s pec i f i c  amo unts  of each 
fracti on  s i ze are s hown i n  Tabl e 10 . 
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Tab l e 10  
Adj us ted Amounts of  Aggregate Used for the  Tr i a l M i x  
Adj u sted AmOunts Sel ected Grad i a t i o n  
S i eve S i ze for 1 SEec i men {gms ) % Pass i ng 
5/8 1 1 0 1 00 
3/8 11 247 7 5  
#4 197  55  
# 10 197 35  
#40 178 1 7  
#200 109  6 
PAN . 59  0 
TOTAL 987 
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3 . 3  The Ma i n  Experi mental Work  
The  o bj ec t i v e  o f  thi s tes t i s  to determi ne the  major  pro­
perti es of emu l s i fi ed a spha l t-a ggregate col d mi xes us ed as a wear i ng 
cours e for l ow vo l ume roads ; these pro perti es a re d i scuss ed i n  Chapter 
4 of th i s s tudy . Tes t  mi xtures a re prepared i n  1 percent i ncrements 
of res i dua l a s pha l t  content wi th two i ncrements o n  e i ther s i de of the 
tri a l  a s pha l t content determi ned i n  paragraph ( 3 . 1 )  of  th i s c ha pter , 
and 3 percent i ncrements of mi nera l f i l l ers i n  compl i a nce  w i th South 
Da kota Department o f  Tra ns portat ion  Standard s pec i f i cat i on� for roads 
and bri dges ( 3 )  . 
3 . 3 . 1 Equ ipment  
The equ i pment requ i red for preparat i on · of  s pee i mens are the 
same o nes l i s ted u nder Equ i pment , 3 . 2 . 1. . 2  of  th i s  cha pter . The 
equ i pment requ i red for test i ng the s pec i mens a re l i s t�d be l ow : 
( 1 )  Ma rs ha l l Tes ti ng Mach i ne .  A compres s i on test 1 ng  
dev i ce .  It  i s  des i gned to a ppl y l oads on  tes t s pec � -
mens thro u g h  semi c i rcu l ar test i ng h eads at  a cons tant  
ra te o f  stra i n  o f  ( 50 . 8 mm ) 2 i nches per mi nute . I t  
i s  equ i pped wi th  a ca l i brated prov i ng ri ng  fo r deter-
mi n i ng the app l i ed tes t i ng l oad , a Ma rs ha l l s ta b i l i ty 
test i ng head for use  i n  test i ng the s pec imen , a nd . a 
Ma rs ha l l  f l ow meter for determi n i ng the amou nt o f  
· stra i n at  t h e  max i mum l oad o f  t h e  test . 
( 2 )  Ba l a nce ,  1 500 gm capac i ty,  equ i pped for dens i ty 
determi nat i on . 
( 3 ) Towel s ,  c l oth  for dry i ng sampl es dur i ng bu l k 
dens i ty determ i nat i on . 
3 . 3 . 2  P repa ra t i on o f  Spec imens 
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The procedure for prepara t i on of  s pec imens l i s ted i n  paragra ph 
( 3 . 2 . 2 . 2 )  of th i s  cha pter i s  used . Add i t i ona l i ns tru ct i o ns and 
cl a r i f i cati ons pres ented bel ow corres pond to the a ppropr i a te para ­
gra phs o f  tha t s ec ti on . 
( 1 )  Number of  s pec i mens . A total of s i xty s pec i mens 
were prepared . Four  i dent i ca l  s pec i mens were prepa red 
a t  eac h comb i na t i on of  mi neral fi l l er a nd res i d ua l  
a s phal t contents . Th i rty spec imens were tes ted a t  one  
day cur i ng i n  the oven , a nd ·the other t h i rty were 
tes ted a t  two days · cur i ng i n  the oven . 
( 2 ) Prepa ra t i o n  of  mo l ds a nd hammer .  No c hange . 
( 3 ) Prepara t i on of  a ggrega te . A · total aggregate mas s  
of  �87 g rams for each  s pec i men batch was u s ed .  
( 4 ) Ca l cu l a t i ons . No c hange . 
( 5 )  Add i t i on o f  pre-mi x i ng water . Tab l e 1 1  s hows .the  
amo unts o f  wa ter .added . 
( 6 )  Add i t i on o f  emu l s i on .  Tab l e 1 1  s hows t he  amoun ts · 
of  emu l s i on added . 
5 1  
Ta b l e 1 1  
Amounts  o f  Pre-Mi xi ng Wa ter a nd Emu l s i o n  per Spec imen 
Res i dua l Ma s s  of  Pre-M i x Amo unt  of 
Aspha l t Wa ter Added Emu l s i o n  
Content ( %) (gms ) (gms ) 
3 . 0  33 . 5  46 . 0  
4 . 0 28 . 0  6 1 . 0  
5 . 0  23 . 0  76 . 0  
6 . 0  17 . 5  9 1 ·. 0 
7 . 0  12 . 5  106 . 0  
, 
( 7 ) Aera t i o n  to reduce the wa ter content o f  the 
mi xture . I t  wa s not necessary to aerate s i nc e  the 
pre-mi x i ng wa ter· wa s determi ned to be . the same · neces ­
sary for opt i mum wa ter content a t  compacti on . 
( 8 ) Compacti on  o f  s pec i mens . No c ha nge . 
( 9 )  Cur i ng o f  s pec i mens . Al l s pec imens were cured for 
o ne day i n  a mo l d  at room temperature . They were 
extruded , a l l s pec imens were cu red fo r ano ther day i n  
a n  oven . Hal f were tes ted after 24 hours and the 
other ha l f were cured for add i t i ona l  24 hou rs at  1 00° F 
( 38° C ) . See F i gure 5 .  
_ 3 . 3 . 3 . Procedure o f  Tes ti ng for Ma rs hal l Sta bi l i ty and F l ow 
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Befo re tes t i ng the s pec i mens for Marsha l l s t� b i l i ty and fl ow ,  . I 
the bu l k s pec i f i c  g rav i ty of  each spec imen wa s determi ned accord i ng to 
methods ASTM 02726 , " Bu l k Spec i fi c  Grav i ty and Dens i ty o f  Compacted 
Bi tumi nous t� i xtures U s i ng Sa turated Su rface- Dry Spec i mens " . a nd ASTM 
D1 18 , " Bu l k Spec i fi c Grav i ty and Dens i ty of Compacted B i tumi nous 
Mi xtu res U s i ng Pa ra ff i n-Coated Spec i mens . "  No.te : G l oss  La tex Pa i nt 
was  us ed i ns tead o f  para ffi n i n  method ASTM 01 188 ,  s ee F i gure 6 .  I t  
was found by exper i ments that paraffi n when u sed to coat a- co l d mi x 
s pec i men tends to brea k up  the bond i ng a nd cause a tota l fa i l ure of 
that  mi x s pec i men . That may be due to the temperature o f  the mel ted 
pa raff i n ( 3QQ° F )  when u sed . Other -ma ter i a l s such  as regu l a r  pa i nts 
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F i gu re 5 .  C u r i ng' o f  s pec i men s i n  o ve n . 
. . 
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F i gu re 6 . G l o s s La tex ename l u s ed to c oat t he s pec i men s .  
• .  
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a nd sea l ers had the s ame effect on  the  col d mi x spec i men due  to  the 
petro l eum products tha t  pai nts . a nd s ea l ers hav e . Then the fol l owi ng 
procedure was fo l l owed : 
( a ) The gu i de rods and i ns i de surfaces o f  the tes t 
heads were thorough ly  c l eaned pr ior  to the  tes t .  The 
gu i de rods were a l so  l u br i ca ted so t ha t  the u pper tes t 
head s l i d freel y over them .  
( b )  T h e  s pec i men wa s pl ac ed i n  pos i t i o n  o n  the  l ower 
test i n g  head , a nd the compl ete assembl y - wa s centered 
i n  the l oad i ng dev i ce .  Th e fl ow meter was · then p l aced 
over the ma r ked gu i de rod .  See F i-gure 7 .  
( c )  The tes t i ng l oad was appl i ed to the s pec i men a t  a 
consta nt defo rma t i o n  of ( 50 . 8  nm )  2 i nch es per ·m i n ute ,  
unt i l fa i l u re wa s o bta i ned . The total number of 
pounds req u i red to produce fa i l ur� of the s pec i men wa s 
noted . 
( d )  The fl ow meter was hel d _ f i rml y i n  pos i t i o n  du� i ng  
the  s tabi l i ty tes t and removed the  i nstant  the  max i mum 
l oad was reached . Fl ow va l ues . were r.ecorded i n  0 . 0 1 
i nc h  u n i ts . 
( e )  The fa i l ed s pec imens were p l aced i n  pans , bro ken 
u p ,  a nd put i n  an oven a t  ( 200 + 1 0°F ) . The s pec i men s 
were removed a fter 24 hours , rewe i ghed , a nd the " 
we i g nts were recorded . See F i gu re 8 .  
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Figure 7 .  Mars hal l stab i l i ty te s
ti ng mac h i ne .  
5 7  
F i g u re 8 .  Oven u s ed to dry t h e  b ro k e n  s p ec i me n s . 
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3 . 3 . 4  M i x Des ign Ca l cu l at i ons 
Th e fo l l ow i ng  equat i ons . were u sed to determi ne  the  pro perti es 
of emu l s i f i ed a s pha l t-a ggregate co l d  m i xes . .  
1 .  To ca l cu l a te the bu l k s pec i fi c  gra v i ty o f  mi x ,  the 
fo l l ow i ng s teps a re fo l l owed , 
. a .  vo l ume o f  s pec i men + pa i nt = 
( 0- E- ( F-d } ) /yw . . . . . . . . . . .  ( 3 . 3 . 4- A }  
b .  vo l ume o f  pa i nt = 
( D- G ) / ( s p . gr . ( pa i nt } xyw } . �  . .  � . ( 3 . 3 . 4- B }  
c .  vo l ume o f  s pec i men = 
a- b . . . . .  - . . . . . . . . 0 � � ( 3 0 3 . 4- C }  
d .  b u l k s pec i f i c grav i ty ( BSG ) = 
G/ vo 1 . o f  s pee . 0 • • •  .- • • •  0 • ( 3- .· 3 .  4- D }  
2 . . Dry BSG = 
BSG/ ( 1 + ( K/ 100 } '} . . . . . . .  o o • ( 3 .  3 0 4- E }  , . 
3 .  Mo i s ture co nteht a t  test f ng ( K } = 
( ( H • I } - ( F- D } } I I x 1 I 1- ( A/ 10 0 ) . . . ( � . 3 . 4- F } 
Note - i f  f< D the term ( F- D }  i s  omi tted from the 
equa t i on  
4 .  t1a x i mum Tota 1 Vo i d s  ( MTV }  = 
( ( A/ 100 } +1+ ( K/ 100 } /BSG } - 1/.C- ( A/ 100 } / B ) } /  ( ( A/ 100 }. 
. +l+ ( K/ 100 } / BSG } x 100 . o .  o • • • •  ( 3 . 3 . 4-G }' 
where 
A = res i dua l  a s pha l t i n  mi x 
B = a spha l t s pec i fi c  grav i ty 
c = mi xed aggregate bu l k s pec i fi c  grav i ty 
D = wei ght o f  s pec imen + pa i nt i n  a i r 
E = we i ght of  s pec imen + pa i nt i n  water 
F = wei ght of  s pec i men + pa i nt at  
G = wei ght  of  s pec imen i n  a i r 
H = wei ght o f  fa i 1 ed s pec i men 
I = wei ght  of  o ven-dry spec imen 
yw = u n i t we i gh t  of  wat�r ( g/ cm3 ) 
5 .  Loads  ( LBS ) = 3 1 2 . 6  + 14 . 37 ( D . R . ) 
where 
D . R .  = D i a l  Read i ng i n  i ncrements 
test i ng 
6 .  Adj usted s ta b i l i ty ( LBS ) . = Load x C . R .  
where 
C . R .  = Corre l a ti o n  Rat i o  
3 . 3 . 5  Res u l ts 
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As the 1 a bora tory exper imenta 1 work  was performed , data were 
co l l ected a nd recorded i n  va r ious  ta bl e forms . The da ta were then 
s ummar i zed and kept i n  tab l e- form data s heets . Tab 1 e 1 2  . i s  · a sampl e 
data s heet cons"truc ted for mi xes conta i n i ng· 7 perc ent mi nera l fi l l er 
a nd 3 · .percent res i dua l  · a s pha l t content . From the var i ou s  data s heets 
* 
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Tab l e 1 2  
Emu l s i f i ed As phal t Mi xture Da ta Sheet 
ASPHALT 
Type & Grade . . . . . . . . . . . . .  CSS- 1 
As pha l t i n  Emu l s i o n  . . . . . . . .  65% 
Asp ha l t Spc . Gra . . . . . . . . . .  1 . 20 
Res i dua l As pha l t 
i n  M i xture . . . . . . . . . . . . . . . .  3 . 0% 
M I X I NG AND COMPACT ION 
Tota l Mix  Wa ter . . . . . . . . . . .  5 . 0% 
Added M i x Wa ter . . . . . . . . . . 33 . 5g 
Wa ter a t  Compact i on  . . . . . . .  5 . 0% 
Compact i o n  Da te . . . . . . . .  4- 10-88 
COMPACTED S PEC IMEN  DATA 
BU LK  DEN S I TY 
wt . of  spec . i n  a i r , gms . . . . . .  . 
wt . of spec . + pa i nt i n  
.a i r , gms . . . . . . . . . . . . . . . . . . . .  . 
wt . . o f  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . . .  . 
wt . of  spec . + pa i nt at  SSD 
AGGREGATE 
Sou rce ID  . . . . . . .  · . . .  De l l Rap i ds P i t 
Type . . . . . . . . . . . . . . . . . . . . .  Quartz i te 
B u l k Spec . Grad . . . . . . . . .  � . . . . .  2 . 66 
Amount of F i nes { pa s s i ng 
#200 s i eve ) i n  M i x . . . . . . .  � . . . .  7 . 0% 
TEST I NG  
Spec i men Tes t  Da te . 
( 2  Day Cure ) . . . . . . . . . . . . . . . . 4- 1 2- 88 
Spec i men Tes t  Da te · 
( 3  Day Cure ) . . . . . . . . . . . . . . .  4- 13- 88 
* 
2 Day Curi  .ng 
1 2 
989 . 2  
1 000 . 1  
5 14 . 2  
998 . 5  
1 009 .. 6 
5 1 9 . 9  
3 Day Cu r i ng 
3 4 
cond i t i o n  . . . . . . . . . . . . . . . . . . . .  · 1 002 . 4 . · 1 0 1 2 . 3  
964 . 4  988 . 0  
978 . 3  1002 . 4  
5 1 7 . 9  527 . 5  
979 . 9  1 004 '. 1 
976 � 2  1 000 . 3  
wt . o f  spec . + pa i nt at  
test i ng . . . . . . . . . . . . . . . . .. . . . .  . 
BSG- Compacted M i x . . . . . . . . . . . . .  . 
Dry BSG- Campa c ted �1 i x . . .  , . . . . . .  . 
Th i c kness ( i nches ) . . . . . . . . . . . . . 
STAB I L I TY 
Di  a 1 . . . . . . . . . . . . . . .  ." . . . . .. . . . . .  . 
Loa d ,  LBS . . . . . . . . . . . . . . . . . . . . .  . 
Adj us ted Stab i l i ty ,  LBS . . . . . . .  . 
F l ow ,  1/ 100 i n .  or  0 . 25 mm . . . .  . 
MO I STURE CONTENT 
wt . of  fa i l ed s pec . , gms . . . . . .  . 
wt . of  oven dry s pec . , gms . . . . . 
Mo i s ture Content { % ) . · · · � · · � · · ·  
Ma x • To ta 1 Vo i d s ( % ) • • • • • • � • • • • 
999 . 1 
2 . 090 
2 . 082  
2- 3/8 
87 
1 563 · 
1 703 
22  
999 . 2  
995 . 6  
0 . 37  
18 . 04 
1009 . 2  
2 . 096 
2 . 086 
2-3/8 
99 
1 735  
1848 
23 
1 009 . 3  
1 004 . 9  
0 . 45 
17 . 89 
2 . 1 64 2 . 1 50 
2 � 1 56 2 . 14 1  
2-" 1/ 4 . 2- 5/ 16 
1 1 7  
1 994 
2 37 3  
1 9  
97 6 . 1 
9 72 . 4' 
0 . 39 
1 5 . 1 6 
1 23 
2080 
23 7 1  
19  
1 000 . 2 
996 . 2  
0 . 4 1 
1 5 . 73 
Cur i ng t ime i nc l ud�s one  day i n  the mo l d  a� room tempera tu re and th e 
rema i nder out of  the mo l d  i n  the oven at  1 00 F .  
6 1  
Ta b l e 1 3  
Mars ha l l Mi x Resu l ts  
M i neral Rsd l  As ph F l ow Stab i l i ty . 1 MTV3 M . C .  
DBSG2 F i l l ers % Cant  ( %) ( 1/ 100 i n . ) ( LBS )  ( % )  (% ) 
ONE  DAY CUR I NG I N  OV EN � 100° F} 
3 20 . 0  1 628 . 0  0 . 54 2 . 098 1 7 : 43 
4 20 . 0  1476 . 0  0 . 52 2 . 073  1 7 . 2 5 
4 5 2 5 . 0  1 078 . 0  0 . 6 1 2 .  063 .· 1 6 . 48 
6 23 . 0  9 1 5 . 0  0 . 80 2 . 1 09 1 3 . 4 5 
7 24 . 0  108 5 . 0  0 . 56 2 . 107  1 2 . 42 
3 23 . 0  1 776 . 0  0 . 4 1  2 . 076 1 7 . 97 
4 2 2 . 0  ' 1 405 . 0  0· . 4 1  2 . 059 1 7 . 81 
7 5 30 . 0  1 256 . 0  0 . 40. 2 . 029 1 7 . 8 5  
6 28 . 0  856 . 0  0 . 58 1 . 99 5  1 8 . 1 4  
7 26 . 0  788 . 0  0 . 49  2 . 007  1 6 . 60 
3 18 . 0  2 289 . 0  0 . 42 2 . 136  1 5  . . 92  
4 18 . 0  1 65 1 . 0  0 . 3 3  2 . 094 1 6 . 42 
1 0  5 19 . 0  1487 . 0  0 . 39 2 . 100 14 . 99 
6 26 . 0  1363 . 0  0 . . 5 7  2 � 076  14 . 83 
7 24 . 0  1 1 0 1 . 0  0 . 60 2 . 07 7  . . 13 . 68 
TWO DAYS CUR I NG I N  OV ER · ( 100° F )  
3 1 7 . 0  181.4 . 0 0 . 34 2 . 1 1 7  1 6' . 66 . 
4 1 7 . 0  1 660 . 0  0 . 29 . 2 · � 1 08 1 5 . 83 
4 5 18 . 0  144 5 . o· 0 . 23 2 . 1 12 14 . 5 1 
6 23 . 0  . . 1 527 . 0  0 . 37 • 2 . 1 05 1 3 . 63 
7 2 2 . 0  1494 . 0  0 . 39 2 . 1 18 1 1 . 96 
3 1 9 . 0  2372 . 0  0 . 40 2 ·. 148 . 1 5  . 44 
4 20 . 0  1821 . 0  0 . 3 1 2 . 1 1 7  1 5 . 49 
7 5 2 1 . 0  1 688 . 0  0 . 33 2 . 1 14  14 . 44 
6 26 . 0  1 597 . 0  0 . 4 5 2 . 1 09 13 . 48 
7 2 2 . 0 1834 . 0  . D . 42 2 . 1 34 1 1 . 3 1 
3 18 . 0  3086 . 0  0 . 3 1 2 . 1 70 14 . 58 
4 20 . 0  2 554 . 0 0 . 27 2 . 142  1 4 . 30 
10  5 20 . 0  2087 . 0  0 . 33 2 . 140 13 . 36 
6 2 1 . 0  1 993 . 0  0 . 44 2 . 1 28 ' 1 2 . 7 1 
7 2 7 . 0  1 693 . 0  0 . 46 2 . 134 1 1 . 30 
1M . C .  = Mo i stu re £ontn et �DBSG = Dry .Bu l k Spec i fi c  Grav i ty 
MTV = Max imum To ta l Vo i ds 
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co nstructed for a l l types of  mi xes , the va l ues of  propert i es n ecessary 
for ana 1 ys i s  were extracted and co 11 ected i n  one tab 1 e for eas e  of 
compar i s on . Tabl e 13  s hows those propert i es a nd the i r va l ues at 
d i fferent mi x types . To i l l us trate a nd c l ar i fy t he val u es i n  Tab l es 
1 2  a nd 1 3 , a sampl e ca l cu l at i on i s  s hown be l ow .  
3 . 3 . 6  Sampl e Ca l cu l a t i o ns 
These a re cal cu l a t i ons for s pec i men 1 of  the m i x conta i n i ng 7 
percent mi neral f i l l ers , 3 percent res i dua l  a s pha l t ,  a nd cured for 1 
day i n  oven : 
1 .  Bu l k s pec i f i c  g rav i ty o f  mi x spec i men 
a .  vo l ume o f  spec i men + pa i nt = .  
1000 . 1- 5 14 . 2- ( 1 002 . 4- 100 . 1 ) / 1  
= 483 . 6  cm3 
b .  vo l ume of pa i nt � 1000 .· 1 � 989 . 2/ 1 . 05 56  x 1 . 0  
= 10 . 3
.
26 cm3 
c .  vo l ume of s pec imen = 483 . 6- 10 . 326 
= 473 . 274 cm3 
d .  BSG = 989 . 2/473 . 274 = 2 ; 090 
2 .  Dry BSG = 2 . 090/ 1+ ( 0 . 37/ 100 ) = 2 . 082  
3 .  Mo i stu re Co ntent a t  test i ng ( K ) = 
( 999 . 2..: 99 5 . 6 ) - ( 999 . 1 - 1000 . 1 ) / 995 . 6  x . l/ ( 1 - ( 3/ 100 ) ) x 1 00 . = o . f7%  
4 .  Max i mum to ta l  vo i d s  ( MTV ) = 
. ( ( 3/ 100 }+1+ ( 0 . 37/ 100 ) / 2 . 090 ) - 1/ 2 . 66- ( ( 3/ 100 ) / 1 . 02 ) / ( ( 3/ 100 ) +1 
+ ( 0 . 37/ 100 ) / 2 . 090 )  X 1 00 = 18 . 04% 
63 . 
5 .  Load = 3 1 2 . 6 + 14 . 37 ( 87 ) = 1 563 . 0  l bs .  
6 .  Adj u sted s tabi l i ty .= 1 563 . 0  x 1 . 09 = 1 703 . 0  l bs .  
Note - Ta bl e 1 3  co nta i ns averages of the va l ues ca l c u l ated for the two 
s pec i mens prepared at each  m i x  type . 
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CHAPTER 4 
DATA ANALYS I S  U S I NG . BAS IC STAT I ST I CAL TECHN I QU ES 
Th i s  s ec t i o n  i s  devoted to the a na l ys i s  o f  the da ta obta i ned 
i n  Cha pter 3 a nd to express some des i gn parameters i n  terms o f  var i ou s  
i ndpendent va r i a b l es . . Stepwi s e  regress i on u ti l i z i ng t h e  wel l known 
SAS ( S ta ti s t i ca l  Ana l ys i s  Sys tem ) program was conducted a nd pred i ct i on 
mode l s were cons truc ted for each  dependent ( response ) var i ab l e con­
s i dered i n  th i s  a na l y s i s . I t  i s  of great i mpo rta nce to no te that  the 
i ndependent va r i ab l es i ncl uded i n  a l l the model s ,  presented l a ter , are 
dev i a t i ons  from the i r  means . Ma thema t ica l l y  s pea k i ng ,  the mean of 
each  var i ab l e i s  su btracted from i ts va l ue when u s ed i n  the model , 
i . e . , res i dua l  as pha l t ( %R . A . ) ,  mi neral f i l l er· ( %F ) , ·a nd cu� i ng ti me 
( T ) ,  wh i ch repres ent the i ndependent var i a bl es , are . u s ed i n  the model s 
as such , 
%R . A . = %R . A . - 5  
%F = %F- 7 
T = %- 1 . 5  
where 5 ,  7 ,  and 1 . 5 are the mea ns - of  ·%R . A . , . %F ,  a nd T res pecti ve l y .  
Th i s  techn i que prov i des more accurate model s  tha n  i f  t he actu a l  va l ues 
of the i ndependent  var i  ab 1 es were u sed .  It reduces  the  effect of  
comp l etel y a·s soc i a ted factors a nd res u l ts i n  mode l s w.i th · sma l l er 
dev i a t i on . Th i s  h a s  been proven by conduct i ng the Ana l ys i s  of Var i ­
a nce ( ANovA r wi th  co l i neari ty d i agno st i cs o n  the mode l  for f l ow .  Th i s  
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techn i qu e  ·choo ses  the  more i mportant facto r  among  fac to rs that a re 
c l ose ly  re l ated and uses  i t  i n  the model , wh i ch res u l ts i n  a s i gn i f i ­
cant reduct i on i n . the · va ri abi l i ty o f  the res ponse  ( dependen t )  
var i ab l e .  
The majo r  pro perti es o f  emu l s i f i ed a s phal t-aggregate co l d  
mi xes cons i s t  o f  mo i s ture content , d ry bu l k s pec i f i c  grav i ty ,  max i mum 
to ta l vo i ds ,  Mars hal l f l ow ,  a nd Mars ha l l s tab i l i ty .  Each o n e  of these 
propert i es i s  ana l yzed a nd d i scu ssed s epara tely i n  t h t s  c ha pter . 
4 . 1  Mo i s ture Con tent  ( MC }  
The mo i s tu re co ntent was measured a t  the t i me o f  t.es t i ng ,  . and 
i s  express ed a s  a percen tage of  the total dry aggregate we i ght . The 
percent of res i dua l a spha l t ,  percent of m i nera l  f i l l er ,  c ur i .ng · t ime ,  
a nd the  i nteracti o n  between m i neral  f i l l er · a nd cur i ng ti me s i gn i f i ­
ca ntl y a ffected t h e  percentage of . mo i s
.
ture reta i ned i n  t h e  m i x .  
However , cur i ng t i me ha s ·the great.es t effect o n  the perc ent o f  MC . 
Th i s can be seen  from s tepwi se  regres s i o n , when cu r i ng t i me was the 
i ndependent va r i ab l e co nta i ned i n  the best o ne- va r i ab l e mode l  fou nd 
· fo r the pred i ct i o n  of  the  percent of . MC . See Tab l e 13 , where the 
percent of MC ra nged from 0 .  23 percent to 0 .  80 percent  fo r a 1 1  the 
sampl es ,  a nd the d i ffe.rence between one a nd two days cur i ng i n  oven 
reached up  to 0 . 5  percent for the same m i x s pec i men . Moreover , the 
d i fference i n  the percent of  MC between o ne a nd two days c ur i ng i n  an 
oven at 4 percent mi nera 1 fi  1 1  er wa s greater than tha t  at the 7 
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percent a nd 10 percent  l evel S'. Mi neral  f i l l er ha s a great surface 
a rea , a nd by i ncrea s i ng i ts co.ntent i n  the m i x , t he mi x • s  a b i l i ty to 
reta i n  mo i s ture i ncreases a nd the t ime i t  ta kes to . rel ea s e  i t  a l so 
i ncreases . That i s  expl a i ned i n  the pred i ct i o n  mode l  by the i nter­
act ion  between mi nera l  f i l l er a nd t i me .  The perc entage  of res i dual  
a s pha l t wa s fou nd to have an  effect on  the amount  of mo i stu re reta i ned 
i n  the mi x .  When the percentage o f  res i dual  a spha l t i nc reases , i t  
means tha t the amount  o f  emu l s i fi ed a s pha l t ( emu l s i on )  i s  l arger . 
S i nce emu l s i o ns  con ta i n  wa ter , the . amount  of  . mo i s tu re reta i ned was 
a ffected by tha t  i nc reas e .  F i gures 9 and 1 0  s how the  effect  of 
res i dua l  a s pha l t ,  m i neral f i l l er ,  and cu ri ng t i me on  the  mo i s tu re 
content of  the m i x .  
Ba sed o n  the  s et of  data obta i ned by the l abora tory. exper i ­
mental  wor k ,  t he percentage o f  mo i s ture content ca n b e  pred 1 c ted for 
any comb i natio n  o f  percentage o f  .re·s i dual  a spha l t , · · percentage of 
mi nera l fi l l er i n  m i x ,  and cur i ng t 1me by the pred i ct i o n - model  s hown 
be l ow :  
%MC = 0 . 433-0 . 009 ( %F ) +0 . 034 ( %R . A . ) - 0 . 1 51 ( T ) +0 . 030 ( %FxT ) . . . . . . . . . . . . ( l ) 
· where 
%F = percentage mi nera l  f i l l er - · 7 
%R . A . = percentage res i dua l a spha l t - 5 
T = cur i ng  t i me J n oven , i n  days - 1 . 5  
EXAMPLE :  
·. To pred i ct  %MC · at  1 0  percent tni  nera 1 f i  1 1  er , 7 percent res i -
dua l  as pha l t ,  a nd . 2 days cur i ng i n  oven , t he va l ues a re entered i n  the 
mode l as fol l ows : 
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CODE o -a- D  4sf 1 DAY 
• •·• 4�:F 2 DAYS 
5 
ASPHALT CONTENT ( x ) ' 
• :+-+  7&F 1 DAY 
.- � 7"f 2 DAYS 
6-0-0 1 0&f 1 DAY 
.-.-. 1 0�:F 2 DAYS 
6 1 
Fi gure 9 .  The effect o f  mi neral f i l l e r ,  asphal t con tent , and curi ng t ime o n  the average 
moi sture content ( 20 ) . m """'-� 
o=2 days c u ri n g  i n  an  oven . 
o= l day c ur i ng i n  an o ven . 
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F i g ure 10 .  The effect  o f  mi nera l  fi l l e r ,  � s pha l t con ten t ,  a nd c u ri n g  t i me o n  the 




%MC = 0 . 433-0 . 009 ( 10-7 ) +0 . 034 ( 7- 5 ) - 0 . 1 5 1 ( 2 - 1 . 5 ) +0 . 030 [ ( 1 0- 7 ) ( 2- 1 . 5 ) ] 
= 0 .  445 percent ( equa 1 to 0 _. 46 percent , Tab 1 e 1 3 ) 
I t  s hou l d be no ted that the coeff i c i ent of  .determ i nati on ( r2 ) found 
for the model a bove wa s 0 . 58 .  Th i s  i nd i ca tes that a bout  58 percent of  
the  va ri a ti on i n  the  mo i sture content was  accounted for by the  percent 
of mi neral f i l l er i n  mi x ,  the percent  of res i dua l  a s pha l t ,  the curi ng 
t ime i n  days , a nd the i nteract i on between mi nera l f i l l er a nd t i me .  · I f  
o ther vari ab l es  rel a ted to the  mo i s ture content were . i nc l uded i n  the 
model , they wo u l d probab ly  accou nt for a s i gn i f i ca nt port i on of the 
rema i n i ng 42  percent o f  the  vari at i on i n  mo i s ture co ntent not expl a i n­
ed by the factors ment i oned earl i er .  Ta bl e 14 s hows the va l ues of 
( r2 ) as  fou nd by s tepwi s e  regress i on .  
4 . 2  Dry Bu l k Spec i f i c  Grav i ty ( DBSG ) 
Dry bu l k s pec i fi c  grav i ty was · Ca l cu l a ted for a l l mi x ' sampl es 
u s i ng the fo l l ow i ng equat i o n : 
where 
DBSG = BSG/ 1+ { MC/ 100 ) . . . . . . . . . . . .  � . . . . . . . . ( 2 )  
DBSG = dry bu l k s pec i f i c  grav i ty 
BSG = b u l k s pec i f i c  g rav i ty 
MC = mo i sture co ntent i n  percent 
Res i dua l a s p ha l t ,  mi nera l f i l l er ,  curing t i me ,  a nd the i nteracti on 
between mi nera 1 " f.i 1 1  er · a nd res i dua 1 as pha 1 t were found , by stepwi se  
regress .i o n ,  · to s i gn i f i cantl y  i nfl u ence the dry b u l k s pec i f i c  grav i ty . 
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Ta b l e  14 
Appropri a te Model to Pred i ct Mo i sture Content ( %MC ) 
Source r2 Cumul ati ve  r2 
Curi ng  T ime 0 . 334 0 . 334 
%Res i dua l As pha l t 0 . 140 0 . 474 
%F i ne x Ti me 0 . 080 0 . 554 
%F i ne 0 . 028 0 .  582 
%MC=0 . 433- 0 . 009 ( %F ) +0 . 034 ( %R , A . ) - 0 . 1 5 1 ( T ) +0 . 030 ( %FxT ) 
7 1  
Yet ,  the mos t  i mportant  factor fou nd to affect the DBSG , a nd i nc l uded 
i n  the best one- var i a b l e pred i ct i on model was the cur i ng t i me . S i nce 
DBSG i s  a func t i o n  o f _ the mo i s ture content , a nd t i me was fou nd to 
s trongly a ffec t the mo i s ture content , i t  i s  onl y l og i ca l  to f i nd ti me 
a s  the b i gges t · i nfl uence o n  DBSG . F i gure 1 1  s hows the · effect of 
mi neral f i l l er ,  res i dua l  a spha l t ,  a nd cu ri ng t ime o n  the DBSG . The 
d i fferent l evel s o f  a dded a s pha l t a nd mi neral  f i l l er d i d  not co ntr i -
bu te , as  much  a s  t h e  curi ng t ime d id ,  to the vari a t i-o n  i n  the DBSG . 
As a ma tter of fact ,  i ts val ue  at  d i fferent l evel s of res i d ua l  a s p ha l t 
a nd mi nera l fi l l er wa s a l mo st  the same . - Ta bl e 13  - s hows the va l ues of  
the DBSG a t  the  l evel s o f  res i dua l  a spha l t ,  m i nera l f i l l er ,  a nd . curi ng 
ti me .  
From the da ta obta i ned by the l a borato ry exper imenta l  work ,  a 
pred i cti on model wa s constructed a nd expres s ed a s  fo.l l ows : 
DBSG = 2 .  069+0 . 003 ( %F ) - 0 .  007 ( %R ._ A .  )"+0" . 053 ( T )  - 0 . 00 2  ( %Fx%R . A .  ) 
where 
EXAMPL E :  
+0 . 00 5 ( %R . A . ) 2+0 . 003 ( %F ) 2 . . . . . . . . . � :  . . . . . . . . ( 3 )  
%R . A .  = percentage  res i dual  a s pha l t - 5 
%F = percentage  m i neral f i l l er i n  m � x  7 
T = cu ri ng t i me i n  oven , i n  days - 1 . 5  
To pred i ct the DBSG at  1 0  percent mi nera 1 f i  1 1  er � T percent 
res i dua l as pha l t ,  and two days curi ng i n  the oven , these va lues are 
entered i n  the model  a s  s uc h : 
2. 1 7 
2 . 1 6  
2 .  1 5  
2 .  1 4  
'2 . 1 l  
2 . 12  
E 2 . 1 1  
> < 
f5 2 . 1 0 
(.) � 2 . 09 
(.) w 
5; 2 . 08 
� 
i 2 . 07 
>-� 2 . 06 
w 
� 2 . 05 0:: w � 2 . 04 
2 . 03 
2 . 02 
2 . 0 1  
2 . 00 
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• +-+ 7sF 1 DAY 
+ -+-+ 7&F 2 -DAYS .-.-. 1 0sF 1 DAY .-.-. 1 0sF 2 DAYS 
6 7 
F i gure 11 . The effect of mi nera l  fi l l er , a s pha l t. co� ten t ,  and cur i ng ti me on  the avera ge 
dry bu l k s pec i fi c gravi ty ( 20 ) . ......... 
N 
DBSG = 2 . 069+0 . 003. ( 10- 7 ) -0 . 007 ( 7- 5 ) +0 . 053 ( 2 . 1 5 ) -
0 . 002 [ ( 1 0- 7 ) ( 7- 5 ) ]+0 . 005 ( 7- 5 ) 2+0 . 003 ( 10- 7 ) 2 
= 2 . 126  ( equa l s to 2 . 134 , Tabl e 1 3 ) 
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The quadra t i c terms seen  i n  the model  i nd i ca te tha t the 
rel a t i ons h i p between both res i dua l  a s pha l t  a nd mi nera l  f i l i er a nd the 
DBSG i s  curv i l i near rather than a s tra i gh t- l i ne rel at i ons h i p ,  s ee 
F i gure 1 2 . The rel a t i o nsh i p  i nd i ca tes that i ncreas i ng the  amount  of 
emu l s i on or the  amount  of m i neral f i l l er i n  the m i x· does not neces-
sari l y  i nc reas e  o r  decrease  the DBSG a l l the way . I n  fac t , i ncrea s i ng 
the mi nera l  f i l l er from 4 percent to 7 percent a ppea rs to dec rea s e  th€ 
DBSG , a nd i nc reas i ng from 7 percent to 10 percent · cau s es �n i-ncrease  
i n  the  DBSG , a s  s hown i n  Tab l e 1 3 . Al so , by i ncrea s i ng the  amount  of 
ernu l  s i o n ,  the DBSG decreas es between 3 percent and 6 percent· added 
emu l s i on ,  a nd i t  a l ways i ncreases  at the 7 · perc ent . l eve l . Therefore , 
the i nteracti o n  between  mi nera l f i l l �r· ·�rtd a spha l t w i l l  def i n i�e l � de­
crea se . the val ue  o f  the  DBSG . Th i s · i s  s een i n  the predtct i o n  mode l , 
where the i nteracti o n  term i s  accompan i ed by a n ega t i v e  s i gn .  
I t  s hou l d be noted that the  coeff i c i ent of  determ i na t i on ( r2 ) 
found fo r the model  h a s  a va l ue o f  0 . 7 23 , wh. i c h  i s  h i g her than that 
found for the mo i s ture content pred i cti on  model . Th i s  i nd i ca tes that 
th i s model  i s  better tha n  t he MC model . Moreover , the . percent of 
res i dual  a s pha l t ,  the percent of  fi ne ,  cur i ng t i me i n  the  oven , the 
mi  nera 1 f i  1 1  er-res i dua 1 as ph a 1 t i nteract ion , and the quadra t i c  terms 
of mi nera i · f i l l er a nd ·res i dual  a spha l t  account  for 7 2  percent of the 
o=2 days curi ng i n  an oven . 
o= l day curi ng  i n  an  oven . 
A V E � A O E  O � V  8 U L K  S P E C I � I C  O � A V I T V 
.:5 . 0  
2 . 8  
2 . 2  
1 .  a 
1 . ..  
1 0 . 0 0 
• � I N E 
Fi gure 1 2 .  The effect o f  mi neral fi l l e r ,  a s ph� l t content ,  and  cur i ng t ime on  the 
average dry bul k s pec i fi c  grav i ty ( 30 ) . """"-J � 
Tabl e 1 5  
Appro pr i a te Model to Pred i ct Dry Bu l k Spec i fi c  Grav i ty ( DBSG ) 
Source r2 Cumu 1 a t  i v  e r 2 
Cur i ng Ti me 0 . 418 0 . 4 18 
( %F i ne ) 2 0 . 127  0 .  54 5 
%Res i dua l As pha l t 0 . 060 0 . 60 5  
( %Res i dua l  As pha l t ) 2 0 . 043 0 . 648 
%F i ne x %As pha l t  0 . 039 0 .  687• 
%Fi ne  0 . 036 0 . 723 
DBSG=2 . 069+0 . 003 ( %F ) - 0 . 007 ( %R . A . ) +0 . 053 { T ) -0 . 002 ( %Fx%R . A . ) 
+0 . 005 ( %R . A . ) 2+0 . 003 ( %F ) 2 
75 . 
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var i a ti o n  i n  the DBSG . The other 28 percent ca n be  accounted for · by 
i nc l ud i ng n ew var i ab l es , i n  the pred i ct ion  model , that may contr i bute 
to the d etermi nat i on o f  the DBSG . Ta b l e 1 5  s hows the va l u es o f  ( r2 ) 
a s  found by s tepw i s e  regres s i on . 
4 . 3 Max i mum Total Vo i ds ( MTV ) 
The max i mum tota l vo i ds ,  expres.s ed as  a percentage of  the 
to ta l mi x vol ume , i nc l udes vo i ds that are f i l l ed wi th  both a i r  and 
mo i s ture . . Wh en  a s pha l t i s  combi ned wi th aggregate  to form a mi x ,  a 
port i o n  of  the  a s pha l t i s  a bsorbed by the aggrega te . The rema i nder ,  
free a s pha l t ,  b i nd� a ggregate by coat ; .ng  the s i ngl e part i cl es . and 
f i l l i n g the  vo i ds between  vari ous. s i zed pa rti c l es . Therefore , the 
degree of b i nd i ng governs the amount of  a i r  and mo i sture  vo i ds . I n  
the meant ime ,  the  amou nt  o f  added asphal t contro l s · the amou nt of free 
a s pha l t ava i lab l e i n  the m i x .  As . the amount of added asphal t i n­
crea s es , t he amount o f  free a sphal t ava i l ab l e a l so  i ncreas es ; con­
s equentl y ,  more o f  the  vo i ds between pa rt i c l es a re f i l l ed .  In  turn , 
the  n umber of  vo i ds rema i n i ng for a i r  and mo i s ture i s  reduced . . Thi s 
expl a i ns the  i mpo rta nce  of the amo·u nt · o f  as pba 1 t add ed i n  cantral l i ng 
the max i mum tota l vo i d s  ( MTV ) ex i s t i ng i n  the mi x .  Thes e obs ervati ons  
are  conf i rmed by s tepw i s e  regress i o n  a na l ys i s ,  where a sp ha l t was the  
i ndependent var i a b l e i nc .l uded i n  the bes t  o ne- va r i a bl e mode l  found for 
pred i ct i ng the  MTV . .  
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The amount  o f  mi nera l  f i  1 1  er  i n  t he  mi x affects t he  MTV i n  a 
s i mi l ar manner , w here the mi neral f i l l er tends  to f i l l  the gaps 
between the coa rs er fract i ons  of t he aggrega te u s ed i n  the job mi x .  A 
reduct ion  i n  the MTV a s  the  amou nt of mi neral f i l l er i n  the mi x is  
i ncrea s ed i s ,  therefore , expected . F i gures 13  a nd 1 4  s how the effect 
o f  res i dua l a s p ha l t ,  mi nera l  f i l l er. ,  a nd cur i ng t i me i n  oven o n  the 
va l ue of  MTV . I t  i s  not i ced that by i ncreas i ng the amou nt of a sp ha l t  
w i th d i fferent percenta ges o f  m i nera l  f i l l er i n  the m i x ,  the MTV 
fl uctuates a t  t he one  day curi ng t ime . Furth ermo re ,  i t  ta kes a · 
dra st i c i ncrea s e  i n  the  amount of mi nera l f i l l er added to s i gn i f i cant­
l y  i nfl u ence the MTV . Tab l e  13 s hows tha t between  4 percent and 7 
percent of mi nera 1 f i  1 1  er ( at o ne day cur i ng )  th e MTV i ncreased 
s l i ghtl y when the a s pha l t i s  i ncreas ed to 5 . percent a nd i ncreased 
dras t i ca l ly at 6 percent and 7 percent a spha 1 t .  At between 4 percent 
and 10 percent of mi nera l f i l l er ,  a s -i gn i f i ca nt decreas e  i n ' MTV wa s 
noti ced up  to the 5 percent a spha l t l eve l . At the 6 ·percent a nd 7 
percent as pha l t l eve l , the MTV sti l l  i ncreased a t  the one· day curi ng . 
However , a t  two days cu r i ng ,  the p i c ture i s  even c l earer . The 
conti nued reductio n  i n  the MTV wa s o bserved when as pha l t a nd mi nera l  
f i l l er were i ncreas ed . I t  s hou l d  be understood that cur i ng t ime p l ays 
a s i gn i fi ca n t  ro l e  i n  the determi nati on  of the MTV . As the  mi x i s  
cured for a l o nger t ime ,  more mo i s tuie i s  a l l owed to evaporate . That 
a i ds i n  the sett i ng  of the emu l s i on a nd st�engthen i ng the b i nd i ng of . 
the res i dual  a spha l t to the  aggregate i n  the mi x .  I n  tu rn , th e number 
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F i g u re 1 3 .  The effect o f  mi neral · fi l l er ,  as phal t c on tent , and c u ri ng t i me on  the ave rage 
maxi mum tota l vo i ds ( 2 0 ) . 
· -.....J (X) 
o=2 days cur i ng i n  an  o ven . 
o= l day c ur i ng i n  an o ven . 
A V E R AC E  � MA X T O T A L  VO I O S 
2 0  
1 8  
1 6  
1 4  
1 2  
F i gure 14 . 
1 0 . 0 0 
--
-
----------- -_::.::--- -/ 
, 
� rr i N E _/_.:::�:�:.)�: .. - r··· ·---...... . 
The effect o f  mi ne r� l  fi l l e r ,  a s phal t content , a nd  c u r i ng 
t i me on  the average max i mum tota l vo i d s  · ( 30 ) . 'J \0 
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of  vo i ds a va i l a b l e fo r a i r  a nd mo i sture i s  reduc ed ,  resu l t i ng i n  a 
reducti on  i n  the  MTV val ue . 
A compl ete mod el for pred i ct i ng the MTV wa s found and express­
ed a s  fo l l ows : 
%MTV = 16 . 23 5- 0 . 126 ( %F ) -0 . 872 ( %R . A . ) - 2 . 149 ( T ) +0 . 093 ( %Fx%R . A . ) 
-0 . 1 9 1  ( % R .  A .  ) 2- 0 . 14 1  ( %F ) 2 . . . . . � . . . . . . . . . . . . . . . . . . . . . . . .  ( 4 ) 
where 
%R . A . = percentage res i d ua l  a spha l t - 5 
%F = %mi nera l f i l l er i n  the mi x - 7 
T = cur i ng t ime i n  oven , i n  days - 1 . 5  
EXAMPLE : 
To pred i ct the va l ue o� MTV at 7 %F , · 5 %R . A . , a nd 1 day cur i ng 
t i me i n  the oven , the  model  i s  u s ed as fo l l ows : 
MTV = 1 6 , 235- 0 . 1 26 ( 7- 7 ) - 0 . 872 ( 5- 5 ) - 2 . 149 ( 1� 1 . 5 ) +0 . 093 _ 
[ ( 7 - 7 )  ( 5- 5 ) ] - 0 . 19 1 ( 5- '5 )
2- 0 . 14 1 ( 7- 7 ) 2 . 
= 1 7 . 3 1 perc ent ( equa l � to 1 7 . 8 5 ,  Tab l e 13 ) .  
The coeff i c i ent of determi nat ion  found for th i s  mGde l  equa l s  
0 . 807 , wh i c h i nd i ca tes that about 8 1  percent o f  the  var i a ti on i n  the 
MTV was acco unted for by .the d i fference i n  a s pha l t ,  m i nera l f i l l er ,  
ti me ,  a nd the i nteract i on between mi nera l f i l l er a nd a spha l t .  To 
account for the  other 1 9  percent , new va ri abl es that may i nf l u ence the 
MTV mus t  be added to the model . · Ta bl e 16  s hows the  val u es o f  ( r2 ) as 
found by s tepwi s e  regres s i on .  
Tabl e 1 6  
Appropri a te Model to Pred i ct Max imum Total Vo i ds ( %MTV ) . 
Sou rce r2 Cumul at i ve  r2 
%Res i dua l As pha 1 t 0 . 368 0 . 368 
Curi ng Ti me . 0 . 279  0 . 647 
( %F i ne ) 2 0 . 087 0 . 734  
%F i ne x %Asp ha l t 0 . 02 5  0 . 7 59 
. ( %Res i dua l As pha l t ) 2 0 . 02 5  0 . 784 
%F i ne 0 . 023 . 0 . 807  
%MTV = 1 6 . 23 5-0 . 126 ( %F ) - 0 . 872 ( %R . A � ) - 2 . 149 ( T ) +0 . 093 ( %Fx%R . A . )  
2 2 
. 
- 0 . 1 9 1 ( %R . A . ) - 0 . 14 1 ( %F )  
8 1  
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. 4 . 4  Mar s ha l l Stab i l i ty 
Sta b i l i ty i s  def i ned as  the a bi l i ty o f  a n  a s p ha l t pav i ng mi x 
to res i s t  defo rma t i o n  from i mposed l oads . I t  depends o n  the  i nterna l 
fri ct i on  a nd coh es i o n  p rov i ded ma i n l y  by the amo u nt o f  a s p ha l t i n  the 
mi x .  An unstab l e a s p ha l t i c  pavement i s  usual ly  marked by c ha nnel s 
( ruts ) and co rru gat i o n .  I n  hot m i xes , t he s ta bi l i ty i ncreases by 
addi ng more  a s pha l t cement  u nti l i t  reaches a pea k ,  a nd then i t  s tarts 
to decreas e .  Yet , i n  co l d  mi xes the dry s ta bi l i ty w i l l  decrease  al l 
the way a s  the amount  o f  emu l s i on  i s  i ncrea sed . F i gu re 1 5  s hows 
general  trends o f  the  s tab i l i ty cu rve i n  hot a nd col d m i xes . 
From the data o bta i ned by the l a bo rato ry · exper i mental wo rk ,  
F i gures 1 6  a nd 17  were constructed to s how t he  effec t of a s pha l t ,  
f i ne ,  and cu r i ng t i me o n  t h e  dry s tab i l i ty of co l d  m i x-es . I t  i s  shown 
tha t at any f i xed l eve l  o·f added f i ne ,  the dry s tabi l i ty do es decrea se 
as  the percentage of res. i dua l  a s pha l. t · i n  the mix i s  i ncreased . · More­
over , the s tepwi s e  regress i on  s howed that  a s pha l t was found to i nfl u­
ence s ta bi  1 i ty the mas t .  As pha 1 t was i nc 1 uded a s  . the i ndependent 
var i abl e i n  the  b est  one- va ri ab l e model fou nd for predi cti ng 
s tab i i i ty .  Res i dua l a s pha l t i s  a · rel a t i ve ly _ soft mater i a l . When i t  
i s  i ncrea sed i n  the  m i x a t  dry cond i t i ons , i t  tends to soften the mi x 
a nd i n  turn reduces i ts s tab i l i ty val u e . 
M i neral f i l l er wa s. · found to be  i n  d i rect rel at i ons h i p to dry 
stab i l i ty ,  o n l y  i f . i ncreased by l arge ma rg i n s . Tabl e 13  shows tha t · 
wi th between 4 percent a nd 7 percent of added mi  nera 1 fi 1 1  er , 
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s tabi l i ty va l ues a t  the  same a spha l t l evel s a re very c l o sel y rel a ted . 
I n  F i gure 1 6  the  curves a t  4 percent and 7 percent mi nera 1 fi  1 1  er 
i ntersect at 3 po i nts . However , there i s  a not i c eab l e d i fference i n  
s tab i l i ty when the  m i nera l f i l l er was i ncreased from 4 perc ent to 10  
percent in  the m ix . For examp l e ,  the s tab i l i ty a t  3 percent aspha l t 
i s  1628 1 bs . a t  4 percent mi  nera 1 f i  1 1  er , 1 7 7 5  1 bs . at  7 percent 
mi nera 1 fi 11 er , a nd 2289 1 bs . at 10 percent mi  nera 1 f.i  11 er . The 
presence o f  mi nera l  f i l l er i n  a m i x  tends to f i l l  the ga ps that ex i s t  
between coarser  pa rt ic l es , and resul ts i n  a g rea ter i nter:-l oc k i ng .  · 
When emu l s i o n  i s  i ntroduced to such  mi x ,  a l ong w i t h  the  great i nter­
l oc k i ng i t  forms a s trong i nternal force . and crea tes mo re co hes i on i n  
the mi x .  
When t i me i s  e ntered i n  the formu l a , . i t  i s  · o bv i ou s  tha t i t  
i ncrea ses the s ta b i l i ty at a l l l evel s o f  . res i dual a s pha l t and added 
mi rtera l  fi l l er ,  s ee Fi gure 1 6  a nd 17 . · · S l ow s ett i rig  emu l s i o n s · · c ss ) , as  
the name i mp l i es ,  ta ke a · l o nger t i me to set ( cure ) , o bv i ous l y  l onger 
than med i um sett i ng ( MS )  or  rap i d  s ett i ng ( RS )  emu l s i ons  wou l d  ta ke . 
Wh en the ernu l s i o n  J s  g i ven enoug h  t "ime to s et ( cu re ) , the bond i t  
creates wi th  the  a ggregate becomes s tronger,  and  more  s ta b i l i ty i s  
ga i ned i n  the mi x .  
A pred i ct i on model  i nvol v i ng the facto rs d i s cu s s ed ea rl i er wa s 
fou nd by s tepw i s e  regres s i on . The model ta kes th i s form : 
STA� : 14 19 . 63+86 . 38 ( %F ) - 204 . 29 ( %R . A . ) +567 . 39 ( T )  
- 2 9 . 92 ( %Fx%R . A . ) +58 � 86 ( %FxT ) +59 . 8 1 ( %R . A . ) 2 
+14 . 67 ( %F ) 2 . . . . . . . . . . . . . . .. . . . · · .  · . . .  · . . . . . . · · . . . . ( 5 ) 
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3 4 
CODE D i!- D  41F 1 DAY­• • - •  41F 2 OAY.S 
5 
ASPHAL T CON TENT ( s )  
. -..-. 7&F 1 DAY 
.- .....,... 7 s F  2 DAYS 
6-0-0 1 0sF 1 DAY 
.-.-. 1 0sF 2 DAYS 
6 
F i gure 16 . The effect o f  mi nera l · fi nes , a s pha l t conten t �  a nd curi ng time 





o=2 days c uri ng  i n  an o ven . 
o= l day c u ri ng i n  an  oven . 
A V E � A O E  S T A8 1 � 1 T Y 
� a o o  
2 ? 0 0  
a a o o  
1 ? 0 0  
1 2 0 0  
1 0 . 0 0 
. _.... ;.--:�-� ::. 
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F i gure 1 7 . The effect of m i nera l f i l l er ,  a s pha l t con tent ,  a nd c uri ng  
t i me on the ave ra9e fl ow { 20 ) . (X) 0"'1 
where 
EXAMPLE : 
%R . A .  = pe�centage res i dual a spha l t - 5 
%F = percentage  mi nera l  f i l l er i n  m i x 7 
T = cu r i ng t ime i n  oven , i n  days - 1 . 5  
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To i 1 1  u s trate t he use of  the  model P!"es ented a bove , pred i c t  
t h e  s ta b i l ,i ty at  t he fol l owi ng con_d i ti o n : 
then , 
1 )  res i dua l  as pha l t i n  mi x = 4 percent 
2 )  mi neral  f i l l er added to the  mix = 1 0  percent  
3 )  cur i ng  t i me i n  oven = 2 days 
STAB = 14 19 . 63+86 . 38 ( 10- 7 ) - 204 . 29 ( 4- 5 ) +567 . 39 ( 2- 1 . 5 ) 
- 2 9 . 92 [ 1 0- 7 ) (4-� ) ] +58 . 86 [ ( 1 0 . 7 ) ( 2- 1 . 5 ) ]�59 . 8 1 ( 4�5 ) 2 
+14 . 67 ( 10- 7 ) 2 
= 2537 . 0  l bs ( equa l s 2 554 � 0� Tabl e 13 ) .  
. , · 
Note that  the  rel at ions h i p . between both �es i dua l · a s p ha l t and 
mi nera l f i l l er a nd the dry stab i l i ty i s  descri bed i n  th i s  mode l  as 
curv i l i nea r rather t ha n  s tra i g ht- l i ne .  Th i s  wi l l  not necessa r i ly  
produce  a max i mum o r  m i n i mum pea k po i nt .  Ra_ther , i t  repres ents the 
fl uc tuat ion  of  the  dry s tab i l i ty at  d i fferent l eve l s of as p ha l t and 
mi nera l f i l l er .  Th i s  can  be rel ated to some errors . dur i ng the 
exper imenta 1 · · wor k ,  such a s · huma n errors , equ i pment  i naccuracy ,  a nd 
d i screpa ncy i n  prepa ri ng the mi xes . 
I t  · 1 s v ery i n teres ti  ng  that the va 1 ue  of the  coeffi c i en t  of  
· determi nat i o n  { �2 ) found for the model u s ed to pred i ct the  dry 
Ta bl e 1 7  
Appropr i a te Model  to Pred i ct Mars ha l l Stab i l i ty ( STAB . ) 
Source  r2 Cumu l at i v e  r2 
%Res i dua l Asphal t 0 . 32 5  0 . 32 5  
Cu ri ng T ime 0 . 314  0 . 639  
%F i ne 0 . 1 74 0 . 8 1 3  
%F i ne x %As pha l t  0 .  042 · 0 . 855  
( %Res i dua l  Aspha l t ) 2 0 . 039 0 . 894 -
%F i ne x Time 0 . 02 1  0 . 9 1 5  
%F i ne 0 . 01 5  0 . 930 
STAB . = 141 9 . 63+86 . 38 ( %F ) - 204 . 29 ( %R� A . ) +567 . 39 ( T )  
- 29 . 92 ( %Fx%R . A . ) +58 . 86 ( %FxT ) +59 . 81 ( %R . A . ) 2 
+14 . 67 ( %F ) 2 
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s ta bi l i ty i s  at 0 . 929 . Th i s  i s  a h i g h val u e  for ( r2 } ,  a nd i t  means 
that a bout  93 percent  of the var i at ion  i n  the dry s tab i  1 i ty i s  
a ccounted for by the factors  a nd the s pec i f i ed i nteract i ons uti l i zed 
by the  model . Ta b l e 1 7  s hows the val ues o f  ( r2 ) found  by s tepwi se  
regress i on . 
4 . 5  Mars hal l Fl ow 
Fl ow i s  defi ned as the movement , i n  u n i ts of  0 . 2 5 m i l l i meter 
( 1/ 100 i n . ) ,  occ u rr i ng i n  the s pec imen between no l oad and max imum 
l oad dur i ng the s tab i l i ty tes t J 16 ) .  A softer s pec i men  a l l ows more 
movement  tha n a ha rder one w i l l  . . The ma� i mum l oad �eferred to
. 
h ere. i s  
actua l l y  the sta b i l i ty o f  the s pec i men . Obv i ou s l y ,  s pec i mens wi th 
h i g_her s tab i l i t i es ( ha rder ) wi l l  exh i b i t  l es s  fl ow ,  a nd � i ce versa . 
I t  was s hown ea rl i er that s tabi l i ty genera l l y  decrea s es when the · 
amount  of  emu l s i on i n  m i x i s  i ncreased . 
Th e oppos i te o f  the emu l s i- on- s tab i l i ty rel at i ons h i p very much 
a ppl i es to the  emu l s i o n� fl ow rel at ionsh i p .  Th i s  mea ns tha t as  as pha l t 
i ncreas es i n  the mi x ,  the fl ow a l so i ncreases . Accord i ng to the da ta 
obta i ned by l aboratory experi ments and s ta t i s ti ca l  a na l ys i s  u s i ng 
s tepw i s e  regress i on ,  aspha l t i s  of  great i mpot:"ta nce to fl ow 
determi nati on . I n  the bes t  o ne- var i abl e model found - to pred i ct fl ow ,  
a s pha 1 t was · pres ent  a s  ·· the i ndependent vari  a b  1 e .  F i gu res 18 and 1 9  
s how t ha t . a t  any · f i xed l eve l  o f  added mi nera l f i l l er ,  the  fl ow 
genera l ly  i nc reas es wi th  the i ncrease of aspha l t i n  t he  mi x .  Yet , at 
90 
f i xed l evel s of a s pha l t ,  the m i neral f i l l er were fou nd to form a 
curv i l i nea r rel at i on s h i p  w i th · the fl ow .  Th i s  i nd i cates tha t the fl ow 
wi l l  i ncrease  wi t h  i ncrea s i ng the m i neral f i l l er - u p  to a certa i n  
l eve l , a nd t hen i t  wi l l  s tart  to decrease . That  l eve l  wa s observed at 
7 percent m i nera l f i l l er .  Tab l e  1 3 . s hows t he val ues of  fl ow at 
d i fferent  l eve l s of a s pha l t a nd f i ne i n  the m i x  for the two per iods of 
curi ng t i me i n  the oven . The max imum fl ow occu rred at  7- percent 
mi neral f i l l er i n  the two s tages of curi ng . 
Cur i ng t i me i s  very i mportant to the fl ow . Tab l e 1 3  s hows 
t ha t  at two days cur i ng i n  the oven , the fl ow was 1 ess tha n at one  
day . Pro l onged cu r i ng a i ds  i n  s trengthen i ng the bond between · as p-ha l t  
a nd aggregate· i n  a mi x .  As a resu l t ,  a ha rder , more s ta bl e mi x i s  
formed . I n  turn , l es s  movement o r  stra i n  occurs between no . l oad and 
max i mum l oad dur i ng the  s tabi l i ty tes t ,  a nd l ow fl ow va l ues are · 
o bta i ned . 
A pred i cti on  mode l  fo r the fl ow wa s obta i ned by s tepwi s e  
regress i on and i s  pres ented be l ow : 
where 
F LOW = 23 . 5+0 . 025 ( %F }+1 . 47 5 ( %R . A . ) - 2 . 3 ( T ) -0 . 3 14 ( %F ) 2 . . . . . .  ( 6 )  
%R . A . = percenta ge res idu�l a sphal t - 5 
%F = percentage  mi nera l f i l l er i n  mi x - 7 
T = cur i ng ti me i n  oven , i h  days - 1 . 5 
. 3 1 
. 
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3 4 
CODE o- -a- o  4zF 1 DAY ' . 
• • -• 4zF 2 DAYS 
5 
ASPHALT CONTENT ( a )  
. ...-. 7aF 1 DAY 
+ +-+ 7z F  2 DAYS 
.-.-. l OaF 1 DAY 
.-.-. 1 0sF 2 DAYS 
6 
Fi �wre lA . The effect of mi neral fi l l er ,  aspha l t content ,  and curi n9 time on the 




· o=2  days curi ng  i n  a n  oven . 
o= l day curi ng  i n  a n  o ven . 
J>. V E R J>. C E  F L OW 
3 0  
2 8  
2 2  
1 8  
1 0 . 0 0 
- - - ... ... - .. . .. ... ... ... 
• F I N E 
,' 
/.// 
F i gure 19 . The effect of  mi nera l  fi l l er ,  a s pha l t content , a nd c ur i ng  t i me  
o n  the avera ge fl ow ( 30 ) . U) N 
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EXAMPLE : 
I f  7 percent res i dual . a s pha l t i s  requ i red o f  a m i x conta i n i ng 
4 percent f i ne a gg rega te , a nd was cu red · for 2 days i n  the  oven , fi nd 
the pred i cted va l u e  of f l ow for that mi x :  
FLOW = 2 3 . 5+0 . 02 5 ( 4 - 7 )+ 1 . 4 75 ( 7- 5 ) - 2 . 3 ( 2- 1 . 5 ) - 0 . 3 1 4 ( 4- 7 )2 
= 2 2 . 4  � 22 . 0  ( equal s i2 . 0  i n  Tab l e 1 3 )  
Th i s  model  wa s fou nd a t  fi rst  to i.ncl ude res i dua l aspha l t ,  
t ime ,  a nd on l y  t h e  q uadra ti c ( s econd order ) term o f  the f i ne . The 
1 ower order term o f  f i ne i s  not a s  i mportant . to · the co ntr i but i o n  of 
fl ow as  the s econd o rder term i s . Th i s  mean s  that curv i l i near i ty ·i s  
o f  more s i gn i f i cance . to the model than pro po rt i ona l i ty i s . Yet , bas ed 
o n  the recommenda t i o n  by Dr . W .  Lee Tucker , Stat i s t i c i a n  at South 
Da kota S ta te Un i vers i ty ,  t he f i rst o rder term of f i n e . mu s t  be i ncl uded 
i n  the model . I t  i s  true tha t  a l thoug h propo rt i o na l i ty d i d not 
s i gn i f i cantl y con tri bute to the var.i a b i l i ty of fl ow,  · . i t  does ' ma i n ta i n  
the i ntegr i ty o f  the  model . Mo reover, the val ue  o f  the coeff i c i ent  of 
determi nat i on ( r2 ) found for the model i s  0 . 54 ,  wh i ch i nd i ca tes that 
o n ly  54 percent o f  the vari at i on i n  fl o\_" wa s accou nted for by the 
d i fferences i n  res i dual a s pha l t ,  mi neral f i J l er ,  a nd cur i ng t ime i n  
the oven . The other 46 percent · can be ach i eved by i ntroduc i ng more 
var iab l es , thought  o f  a s  i mportant to determ i nati o n  of t�e fl ow , i nto 
the mode l . · Tab l e 18  .. s hows the val ues of  ( r2 ) fou nd . by stepw i se  
regres s i on . 
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Tab l e 18  
Appropri a te ·Model to  Pred i ct Ma rs hal l F l ow 
Sou rce  r2 Cumula t i ve  r2 
%Res i dua l  As pha l t 0 . 31 5  0 . 3 1 5  
( %F i n e ) 2 0 . 129 0 . 444 
Cur i ng T ime 0 . 096 0 .  540 
%F i ne 0 . 000 0 . 540  
F LOW = 2 3 . 5+0 . 025 ( %F )+1 . 47 5 ( %R . A . ) - 2 . 3 ( T ) -0 . 3 14 ( %F ) 2 
CHAPTER 5 
SUMMARY AND CONCLUS ION 
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Th i s  research s tudy was conducted to exam i ne t he beha v i or o f  
co l d  mi xes when u sed as  a s u rface . course for . l ow- vol ume roads . The 
two major  factors  focu s ed on  i n  the s tu.dy were the effect of  mi nera 1 
fi l l er a nd cur i ng t i me o n  the col d mi x . . · 
The amount  o f  mi nera l f i l l er va r i ed at three · d i fferen.t l evel s :  
4 percent ,  7 percent� a nd 1 0  percent of the tota l dry aggregate 
we i gh t . Thes e percentag�s a re w i t h i n the permi s si bl e ra nge a s  requ ir­
ed by the s pec i f i ca t i o ns of the Sou th Dakota Department of Transporta ­
ti on  ( 3 ) , i n  wh i c h 4 percent and 10  percent a re t h e  mi n imum a nd 
maxi mum amount  o f  m i neral f i l l er permi tted·. · Therefore , 7 percent i s  
the average va l u e . 
The cur i ng t i me was s h i fted · · from one day to two days i n  an 
oven at 100°F .  Th i s  tempera tu re was c hosen to s i mu l ate f i el d co n­
di t i ons  a nd beca u s e  i t  l owers the va l ue  of  s ta b i. l i ty of the mi x 
spec i mens , versu s  room temperature cond i t i ons . Th i s  can b e  accom­
pl i s h ed i n  the  f i l ed by a l l owi ng the pav i ng . mi x to cu re for two days 
i f  bu i l t  du ri ng the  hot mo nths of the summer ( Ju l y- Augu s t )  when 
temperatures reach 1 00° F .  Otherwi s e ,  for 3 to 4 days i f. temperatures 
are l ower than 100° F .  
Ca ti on i c s l ow- s ett i ng type- 1 emu l s i o n  wa s us ed i n · thi s re- , 
s earch fo r two rea sons . F i rs t , i ts s l ow- sett i ng cha r-acteri s t i c  
96 
enab l es us to u s e  i t  i n  a m i x conta i n i ng f i ne a gg regates . Second , i t  
i s  the o n ly  emul s-i o n  type  carryi ng a pos i t i ve c harge . Thus , i ncreases 
i ts mi x i ng a b i l i ty wi th the  quartz i te aggregate that . natu ra l l y  carri es 
a negat i ve  c harge . 
The properti es of  q ua rtz i te aggregate ma ke i t  d es i rab l e for 
road bu i l d i ng u ses . I t  co n s i s ts of  qua rtz mi nera l wh i ch i s  known to 
hav e  a h i gh hardness  va l ue ( 1 1 ) . The i n herent negat i v�  c harge . i t  
carri es prov i des  s trong adhes i o n  when m i xed wi th  a cati on i c  emu l s i o n .  
I n  add i t i o n ,  i t  i s  read i l y  ava i l ab l e f n  the . M i dwes t reg i on o f  the 
U n i ted States . 
The research experi mental  work  wa s performed i n  the l a bo rato ry 
and the procedure fo l l owed corres ponds to bo th the  Aspha l t I nst i tu te 
and the Ma rs ha l l m i x des i gn methods , wi th mi no r  mod i f i ca t i 9ns . the 
mod i fi cat i ons  app l i ed to t he method of determi n i ng the bu l k s pec i f i c  
grav i ty o f  the m i x  s pec i mens . Gl o s s  La tex enamel w� s u s ed to
, 
coa t the 
s pec i mens before we i g h i n·g them i n  water . Al s o ,  mod i f i.ca ti ons  were 
a ppl i ed to the equat i ons  u s ed to cal cu l ate the bu l k . s pec i .f i c grav i ty 
( B56 )  and the mo i s ture content o f  the mi x s pec imens � Th e data obta i n­
ed were a na l yzed by s tepw i s e  regress i on  a na 1 ys i s  u t i  1 i z i ng the we 1 1  
known SAS ( S tat i s t i ca l  Ana l ys i s  Sys tem ) program . Properti es s uch  as 
dry bul k s pec i fi c  g rav i ty ( DBSG ) , mo i s ture content ( MC ) ,  max i mum to ta l 
vo id s  (MTV ) , · Marsha l l fl ow , a nd Mars ha l l s tab i l i ty were ev-a l uated .  
The a s �ha l t emu l s i o n  mi x ( AEM ) properti es are a n  ou tc6me of a 
compl �x a rray of  facto rs . �va l uati ng the  m i x  pro pert i es i n  rel at i on 
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to o n l y  a s i ng l e facto r  i s  not s uffi c i ent ; the  i nteract i on of  thes e 
factors i nfl uenc es the behav i oral  propert i es of AEMs  and mus t  be 
con s i dered i n  the eva l ua ti on . 
The a na l ys i s  a nd eval uati on of  the tes t data i n  th i s s tudy ,  
however , revea l ed a number of  s i gn i f i cant res u l ts tha t perta i n  to th e 
effect on  the mi x pro perti es of  varyi ng the amou n t  o f  m i  nera 1 f i l l er 
i n  t he mi x ,  a nd a l ter i ng the curi ng peri od . A s urrmary -of the ma i n  
res u l ts fo l l ows : 
1 .  When  t he mi x wa s a l l owed to cure for two day s , i t  
res u l ted i n  a n  i mprovement i n  a l l propert i es o f  the 
co l d  mi x .  It i ncreas ed both s tab i l i ty a nd the dry · 
bu l k s pec i f i c  grav i ty ,  a nd decreas ed the  mo i s tu re 
co ntent a nd the  ma x imum to ta l vo id s . It  dec rea s ed the 
va l ue of  f l ow , however , thos e val ues were �t i l l  w i t h i n 
an  acc eptab l e range . · · 
2 .  When t he amo u nt o f  m i nera l f i l l er wa s i nc rea sed 
from 4 percent to 7 percent ,  a dec l i ne i n . a l l mi x 
properti es  ( except the fl ow )  occurred 0 An i mp rovement 
i n  a l l pro pert i es ( except the fl ow ) , h owever , was 
d i scovered when the amount o f  mi nera l f i l l er wa s 
i ncrea s ed to 10  percent .  Th e f l ow pro perty ,  o n .  the 
o ther hand , · i mproved at 7 percent mi neral f i l l e� 
ra ther t ha n. a t  e i ther 4 percent o r  1 0  perc ent m i neral 
fi  1 r er 0 Yet , the fl ow va 1 ue o f  10  percent m i  nera 1 
f i l l er was w i t h i n accepta b l e. l im i ts . One may co nc l ude 
tha t 1 0  percent added mi nera l f i l l er wi l l  a l ways 
enha nc e  the co l d  mi x propert i es ,  a nd th i s  quant i ty i s ,  
therefo re ,  recommended . 
3 .  The l ea s t  amount o f  res i dual  aspha l t  a l ways r_e­
s u l ted i n  the h i ghest stab i l i ty o f  the m i x s pec imens . 
I t  i s  not i ceabl e that 3 percent res i dua l  a s p ha l t 
( m i n i mum amou nt added ) resu l ted i n  the h i g hes t 
s tab i l i ty a t  a l l l evel s of  added mi nera l  f i l l er and 
cu r i ng t i me . However , the s tab i l i ty mea su red h ere i s  
the dry s ta b i l i ty o nl y ,  and wi thout  determi n i ng the 
soa ked s tabi l i ty ,  an  opt imum res i dual  a spha l t co ntent 
ca nno t  be determi ned or  found . 
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In co ncl us ion , a pro l o nged curi ng t ime w i l l
.
a l ways enha nce the 
co l d  mi x properti es . Th erefore , _ i t  ·i s  recommend�d · · tha t i n  fi el d 
co nd i t i o ns the mi x s hou l d  be a l l owed to cure enough  befo re . o pen i ng the 
pavement to tra ffi c .  A s imi l a r co ncl u s i on ca n be reached for the 
amou nt of mi nera 1 fi  1 1  er added , where 1 0% added mi  nera 1 fi  1 1  er was 
found to prov i de the bes t resu l t s concern i ng th e var ious  mi x pro­
pert i es eva l u ated i n  th i s  part i cu l a r s tudy . S i nce a sma l l va r i at i o n  
i n  res u l ts occurred , espec i a l l y  between 4 percent a nd 7 percent added 
mi nera l fi l l er ,  i t  i s  suggested tha t  va l ues o f  m i nera l f i ·l l er h i gher 
tha n  10  percent s hou l d be exami ned i n  o rder to reach  a more defi n i ti ve 
co nc l us i o n . 
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As co111110 n i n  ma ny l abora tory exper imenta l wo rk , errors can 
occur . I n  th i s  s tudy , however , errors ca n be due  to b l unders , 
mach i nes ' i naccuracy , a nd mos t  i mportantl y due to va r i at i on i n  the 
compacti on  procedu re , i n  where ha l f of  the s pec i mens were compacted 
u s i ng an automa t i c compact ion  mach i ne ,  and the o th er ha l f were com­
pacted ma nua l l y  due  to a fa i l ure of the compacti on  mac h i ne used 
earl i er .  
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Emu l s i f i ed As pha l t Mi xture Da ta Sheet  
ASPHALT AGGREGATE 
Type  & Grade . . . . . . . . . . . . .  CSS- 1 Source  ID  . . . . . . . . . .  Del 1 Ra p id s  P i t 
Aspha l t i n  Emu l s i on � . . . . . . . 65%  Type . . . . . . . . . . . . . . . . . . . . .  Quartzi te 
As pha 1 t Spc . Gra . . . . . . . . . . 1 .  20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dua l Aspha l t Amount o f  F i nes ( pa s s i ng 
i n  Mi xture . . . . . . . . . . . . . . . .  3 . 0% #200 s i ev e )  i n  M i x . . . . . • . . . . . .  4 . 0% 
M IX I NG AND COMPACTION  
To ta l M i x Water . . . . . . . . . . .  5 . 0% 
TESTI NG 
Spec i men Tes t  Da te 
Added Mi x Wa ter . . . . . . . . . .  33 . 5g ( 2  Day Cure ) . . . . . . . . . . . . -� . . 4- 10- 88 
Water a t  Compact i o n  . . . . . . .  5 � 0% Spec i men Tes t  Da te 
· 
Compacti o n  Da te . . . . . . . . .  4-8-88 ( 3  Day Cure ) . . . . . . . . . . .  ·. . . .  4- 1 1 -88 
* 
COMPACTED SPEC IMEN DATA 2 Day Cur i ng · 1 2 
BU L K  DENS I TY 
wt . o f  spec . i n  a i r ,  gms . . . . . . .  989 . 6  
wt . o f  spec . + pa i nt i n 
a i r ,  gms . . . . . . . . . . . . . . . . . . . . .  1002 . 5  
wt . of  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . . . . 5 1 2 . 5 
wt .  o f  spec . + pa i nt a t  SSD 
cond i t i on  . . . . . . . . . . . . . . . . . . . . 1013 . 1  
wt . of spec . + pa i nt a t  
tes ti ng . . . . . . . . . . . . . . . . . . . . .  � 1005 . 8  
BSG-Compa cted �1 i x . . . . . . . . . . . . . . . . 2 � 1 1 9  · 
Dry BSG-Compacted M i x .  . . . . . . . . . . 2 .  l06 
Th i c knes s ( i nc hes ) . . . . . . . . . . . . .  2 - 1/ 2  
STAB I L I TY 
Di a l . . . . . . . . . . . . . . . . . . . . . . . . . . . 7 2  
Load ,  LBS  . . . . .  · . . . . . . . . . . . . . . . . . 1 347 
Adj usted Sta b i l i ty ,  LBS . . . . . . . .  1 347  
Fl ow , 1/ 100 i n .  or  0 . 2 5 mm . . . . .  18 
MO ISTURE  CONTENT 
wt . of fa i l ed spec . ,  gms . . . . . . . 1005 . 4  
wt . o f  oven dry s pec . ,  gms . . . . . 995 . 9  
Mo i sture Content ( % )  . . . . . . . . . . . 0 . 64 
Max . To ta 1 Vo i d s ( % ) . . . . . . . . . . . 1 7  . 1 2  . 
980 . 6  
992 . 4  
5 1 2 . 0  
. 994 . 5  
990 . 2  
2 . 099 
2 . 090 





990 . 4  
986 . 2  
0 . 44 
1 7 . 74 
3 Day Cu ri ng 
3 4 
997 . 5  . 994 . 3  
1009 . 1  1003 . 6  
·526 . 3  525 . 8  
101 0 . 8  . 1005 . 2  
1 008 . 0  
2 . 1 2 2  
2 . 1 14 
2- 5/ 1 6  
93  
1 649  
1880 
1 7  
1 008 . 0  
1004 . 6  
0 . 3 5 
1 6 � 68 
' 1002 . 8  
2 . 127  
2 . 1 20 
2- 5/ 1 6  
8 5  
1 534 
1749 
1 6  
1002 . 8  
999 . 6  
0 . 33 
1 6 . 55 
* . . 
Cur i ng ti me i nc l udes o n·e day i n  the mo l d  at  room temperature  a nd the 
rema i nder out o f  the rnb l d  i n  the o ven a t  100° F .  
* 
1 04 . 
Emu l s i f i ed As pha l t Mi xture Da ta Sheet 
ASPHALT 
Type & Grade . . . . . . . . . . . . .  CSS- 1 
Aspha l t i n  Emu l s i o n  . .  ·. . . . . . 65% 
As pha l t Spc . Gra . . . . . . . . . .  1 . 20 
Res i dua l As pha l t 
i n  Mi xture  . . . . . . . . . . . . . . . .  4 . 0%  
M I X I NG AND  COMPACTION  
To ta 1 tw1 i x Wa  t e r . . . . . . . . . . . 5 . 0%  
Add ed M i x Wa ter . . . . . . . . . .  28 . 0g 
Wa ter a t  Compact i o n  . . . . . . .  5 . 0% 
Compacti o n  Da te . . . . . . . . .  4 -8-88 
COMPACTED SPEC i r�EN DATA 
BUL K  DENS I TY 
wt . of  s pee . i n  a i .r ,  gms . . . . . .  . 
wt . o f  spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . .  . 
wt . o f  spec . + pa i nt i n  
. wa ter , gms . . . . . . . . . . . . . . . . . .  . 
wt . o f  spec . + pa i nt a t  SSD 
cond i t i o n  . . . . . . . . . . . . . . . . . . .  . 
wt . of  spec . + pa i nt a t  
tes ti ng . . . . . . . . . . . . . . . . . . . . .  . 
BSG- Campa c ted f·1 i x . . . . . . . . . . . . .  . 
Dry BSG- Compacted M i x  . . .  � . . . . .  . 
Th i c kness ( i nches ) . . . . . . . . . . . .  . 
STAB I L I TY 
Di a 1 . . . • . . . . • • . . • . . . . . . . . . . . . . .  
Load , LBS . . . . .  : . . . . . . . . . . . . . . .  . 
Adj us ted Stab i l i ty , · LBS . . . . . . .  . 
Fl ow , 1/ 100 i n .  or  0 . 25 mm . . . .  . 
tvlO I STURE  CONTENT 
wt . of fa i l ed s pec . ,  gms . . . . . .  . 
wt . of  o ven dry s pec . ,  gms . . . .  . 
�1o i s ture Content ( % )  • • • • • • • • • • •  
Max . . Tota l Vo i ds ( % )  • • • • • • • • • • • 
AGGREGATE 
Source ID . . . . . . . . . .  Del l Rap i d s P i t 
Type . . . . . . . . . . . . . . . . . . . . . .  Quartz i te 
Bu l k Spec . Grad � . . . . . . . . . . . . . .  2 .  66 
Amount of F i nes ( pa s s i ng 
#200 s i eve )  i n  Mi x . . . . . . . . . . . .  4 . 0% 
TES T I NG 
Spec i men Tes t Date . 
( 2 Day Cure ) . . . . . . . . . . . . ; . .  4- 10-88 
Spec i men Tes t  Da te . 
( 3 Day Cure ) . . . . . . . . . . . . . . .  4- 1 1 -88 
* 
2 Day Cu ri ng · 
1 2 
1028 . 5  
1040 . 7  
527 . 9  
1049 . 5  
1 040 . ·5 . 
· . 2 . "089 
2 . 07 7  





1040 . 5  
1 034 ·. 9 
0 . 56 
1 7 . 08 
986 . 9  
996 . 0  
507 . 3  
100 1 . 2  
995 . 2  
2 . 078 
2 . 068 
2- 7 I 1 6  
8 1  
147 7 
1 52 1  
1 9  
995 . 1 
990 . 5  
0 . 48 
1 7 . 42 
3 Day Cu r i ng 
3 4 
9 78 . 6 
988 . 0  
5 1 5 . 4  
989 . 5  
986 . 9  
2 . 1 1 7  
2 . 1 1 1  




1 6  
987 . 0  
984 . 4  
0 . 28 
1 5 . 70 
1029 . 9  
1040 . 2  
54 1 . 2  
104 1 . 7  
' 1039 . 0 
2 . 1 12 
2 . 1 05  
2- 7 I 1 6  
9 1  
1620 
1 685  
18 
1039 . 1 
1036 . 0  
0 . 3 1 
1 5 . 96 
Curi ng ti me i nc l udes o ne dai i n  the mo l d  a t  room tempera ture a nd the 
rema i nder o u t  of the mo l d  i n  the oven at  1 00°F .  
105 ' 
Emu l s i fi ed Aspha l t Mi xture Da ta S heet 
ASPHALT AGGREGATE 
Type & Grade . . . . . . . . . . . . .  CSS- 1 Source  I D  . . . . . . . . . .  Del l Rap i ds P i t 
As pha l t i n  Emu l s i o n  . . . . . . . .  65% Type . . . . . . . . . . . . . . . . . . . . . . Qua r t z i t e 
Aspha l t Spc . Gra . . . . . . . . . .  1 . 20 · Bu l k Spec . Grad � . . . . . . . . . . . . . .  2 . 66 
Res i dua l  Asp ha l t Amount  o f  F i nes ( pa s s i ng 
i n  M i xture . . . . . . . . . . . . . . . .  5 . 0% #200 s i ev e )  i n  M i x . . . . . . . . . . . .  4 . 0%  
M I X I NG AND  COMPACT ION 
Total M i x  Water . . . . . . . . . . .  5 . 0% 
TEST I NG 
Spec imen Tes t  Da te 
Added M i x  Wa ter . �  . . . . . . . .  23 . 0g ( 2  Day Cure ) . . . . . . . . . . . .  ; . .  4- 10-88 
Wa ter a t  Compact i o n  . . . . . . .  5 . 0% Spec i men Test  Da te 
Compact ion  Da te . .  � . . . . . .  4-8-88 ( 3  Day Cu re ) . . . . . . . . . . .  � . . .  4- 1 1-88 
COMPACTED SPEC IMEN DATA 
BULK DENS I TY 
wt . o f  spec . i n  a i r ,  gms . . . . . .  . 
wt . of  spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . .  . 
wt . o f  spec . + pa i nt i n  
. wa ter , gms . . . . . . . . . . . . . . . . . .  . 
wt.  o f  spec . + pa i nt a t  SSD 
cond i t ion  . . . . . . . . . . . . . . . . . . .  . 
wt . of  spec . + pa i nt a t  
* 
2 · Day Cur i ng 
1 2 
1025 . 7  
1 039 . 1  
525 . 6  
1043 . 6  
1014 . 4  
1027 . 7  
5 23 . 5  
1032 . 7  
tes ti ng . . . . . . . . . . . . . . . . . . . . . .  1 038 . . 0 : · ·  1027 . 3  
BSG- Compacted M i x  . . . . . . . . . . . . . . . . 2 .'067 2 . 085 
Dry BSG-Compacted r� i x . . .  .. . . . . . . 2 . 0.55  2 . 07 1  
Th i c knes s ( i nches ) . . . . . . . . . . . . .  2 -9/ 16  2 - 9/ 16  
STAB I L I TY 
Di a 1 • . • . . • . • • • . • • . . . . . •  
-
. • . . . . . . 
Load , LBS . . . . .  ; . - . . . . . . . . . . . . . .  . 
Adj us ted Sta b i l i ty ,  LBS . . . . . . .  . 
F l ow ,  1/ 100 i n .  o r  0 . 2 5  mm . . . .  . 
MO I STU RE CONTENT 
wt . of fail ed s pec . , gms . . . . . .  . 
wt . o f  oven dry s pec . , gms . . . .  . 
Mo i s ture Content ( % }  • • • • • • • • • • • 
Max . Tota l Vo i d s  ( % }  • • • • . • • • • . •  
60 
1 17'5 
1 1 28 
27  
1037 . 8  
1032 . 4  
0 . 55 




2 2  
1027 . 2  
1 020 . 8  
0 . 66 
1 6 . 16  
3 Day Cur i ng 
3 4 
9 78 . 2 
986 . 0  
5 1 6 . 3  
987 . 5  
98 5 . 5  
2 . 1 23 
2 . 1 18 
2- 5/ 1 6  
60 
1 17 5  
1 339  
16  
985 . 6  
983 . 5  
0 . 22 
14 . 27 
1050 . 4  
1057 . 5  
551 . 9  
1058 . 8  
' 1057 . 0 
2 . 1 1 1  
2 . 106 
2 - 7  I 16  
84 
1 520 
1 5 50 
19  
1057 . 0  
1054 . 6  
0 . 24 
14 . 76 
* . . . 
Cu ri ng_ t ime i nc l udes o ne day i n  the mo l d  at  room temperature a nd the 
rema i nder out of the mo l d  i n  the oven at  100° F .  
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Emu l s i f i ed As pha l t M i xture Data S heet 
ASPHALT AGGREGATE 
Type & Grade . �  • . . . . . . . . . . CSS- 1 Source I D  . . . . . . . . . .  Del l Rap i ds P i t 
Aspha l t  i n  Emu l s i o n  . . . . . . . . 65% 
As pha 1 t Spc . Gra . . . . . . . . . .  1 .  20 
Res i dua l As pha l t 
i n  Mi xture . . . . . . . . . . . . . . . . 6 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x  Water . . . . . . . . . . . 5 . 0% 
Added M i x  Wa ter . . . . . . . . . .  1 7 . 5g 
Wa ter a t  Compa ct i o n  . . . . . . . 5 . 0% 
Compact ion  Da te . . . . . . . . . 4-8 -88 
COMPACTED SPEC If.1EN DATA 
BUL K DENS I TY 
wt . of s pec . 1 n  a 1 r ,  gms . . . . . . . 
wt . of s pec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . .  . 
wt . of s pec . + pa i nt i n  
. wa ter , gms . . . . . . . . . . . . . . . . . .  . 
wt� of s pec . + pa i nt at  SSD 
cond i ti on  . . . . . . . . . . . . . . . . . . .  . 
wt . of  spec . + pa i nt at  
-
Type . . . . . . . . . . . . . .. . . . . . . . Quartz i te 
Bu l k Spec . Grad . . . . . . . . . . . . . . . 2 . 66 
Amount of  F i nes ( pa s s i ng 
#200 s i eve )  i n  M i x . . . . . . . . . . . . 4 . 0% 
TEST I NG 
Spec i men Tes t  Date 
( 2 Day Cure ) . . . . . . . . . . . .  ; . .  4- 10-88 
Spec i men Tes t Da te 
· 
( 3  Day Cu re ) . . . . . . . . . . . : . . .  4- 1 1 -88 
* · 
2 Day Cu ri ng · 
1 2 
3 Day Cur i ng 
3 4 
1020 . 6  1058 . 4  
1 07 2 . 8  
544 . 5  
1 084 . 1 
1 01 1 . 4  
10 18 . 6  
'533 . 5 
1 020 . 0  
103 1 . 9  
536 . 5  
1041 . 8  
test i ng  . . . . . . . . . . . . . . . . . . . . . .  1 034 . 2 : · · 1076 . 2  . 1 0 18 . 3  
2 . 1 2 1  
2 . 1 14 
2 -318  
1043 . 5  
105 1 . 6  
547 . 0  
1052 . 9  
' 1051 . 5 
2 . 105  
. 2 . 096 
2- 7 I 16  
BSG- Compacted M i x . . . . . . . . . . . . . . · .  2 ; 150 · 2 . 103 
Dry BSG- Compacted M i x . . . · .  . . . . . . 2 . 134 2 .  085 
Th i c k n e s s ( i n c he s. ) . . . . . . . . . . . . . 2...: 9 I 1 6  2 - 1 1  I 1 6  
STAB I L I TY 
Di  a 1 . . . . . . . . . • . . . . . . . . . . . . . . . . . 
Load , LBS . . . . . � . . . . . .  · . . . . . . . . .  . 
Adj us ted Sta b i l i ty ,  LBS . . . . . . . . 
F l ow, 11 1 00 i n .  o r  0 . 2 5 mm . . . .  . 
MO ISTURE  CONTENT 
wt . of fail ed spec . ,  gms . . . . . .  . 
wt . of  oven dry s pec . , gms . . . .  . 
�1o i s ture Con tent  ( % ) • • • • • • • • • • •  






1034 . 3  
1 024 . 8  
0 . 7 5 
12 . 4 5 
4 6  
974 
88 1 
2 1  
1 076 . 1  
1 064 . 2  
0 . 85 
14 . 44 
78 
1433 
1 562  
24  
1 0 18 . 4  
1 0 1 5 . 4  
0 . 3 1 





105 1 . 6  
1047 . 4  
0 . 43 
1 3 . 99 
Cur i ng t ime i nc l ud es o n·e day i n  the mol d a t0 room tempera tu re a nd the rema i nder ou t of  ·the mo l d  i n  the oven at 1 00 F .  
107  
Emu l s i fi ed Asp ha l t Mi xture Data S heet 
ASPHALT 
Type & Grade . . . . . . . . . . . . .  CSS- 1 
Aspha l t  i n  Emu l s i on . � . . . . . .  65% 
Asp ha l t Spc . Gra . . . . . . . . . . 1 . 20 
Res i dua l As p ha l t 
i n  Mi xture . . . . . . . . . . . . . . . . 7 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x  Water . . . . . . . . . . .  5 . 0% 
Added M i x  Wa ter . . . . . . . . . .  1 2 . 5g 
Wa ter a t  Compact i o n  . . . . . . . 5 . 0% 
Compact i o n  Da te . . . . . . . . .  4-8-88 
COMPACTED SPEC IMEN DATA 
BULK DENS I TY 
wt . of  spec . 1 n  a i r ,  gms . . . . . .  . 
wt . of  spec . + pa i nt i n  
a i r , gms . . . . . . . . . . . . . . . . . . . .  . 
wt . o f  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . • : . 
�t .. o f  spec . + pa i nt a t  SSD 
cond i t i on  . . . . . . .  � �  . . . . . . . . . .  . 
wt . of  spec . + pa i nt a t  
test i ng . . . . . . . . . . . . . . . . . . . . .  � 
BSG- Compacted fvt i x . . . . . . · . . . . . . .  . 
Dry BSG- Compa cted M i x . . . .. . . . . .  . 
Th i c kness  ( i nches ) . . . . . . . . . . . .  . 
STAB I L I TY 
D i  a 1 . . . . . • . . • . • . . • • . . • . . • • . . . . .  
Load , LBS . . . . . .  · . . . . . . . . . . . . . . .  . 
Adj u s ted Sta b i l i ty ,  LBS . . . . . . .  . 
Fl ow , 11 100 i n .  or  0 . 25 mm . . . .  . 
MO I STU RE CONTENT 
wt . of  fail ed s pec . , gms . . . . . .  . 
wt . of  oven dry s pec . ,  gms . . . . . 
Mo i s ture Content ( % )  . . . . . . . . . .  . 
Max . Tota l Vo i d� ( % )  . . . . . . . . . .  . 
AGGREGATE 
Source ID  . . . . . . • . . .  Del l Ra p i ds P i t 
Type . . . . . . . . . . . • .  � . . . . . . .  Quartz i te 
Bu l k Spec . Grad  . . . . . . . . . . � . . . . 2 . 66 
Amount o f  F i nes { pa s s i ng 
#200 s i eve ) i n  M i x . . . . .  A • • • • • •  4 . 0% 
TEST I NG 
Spec i men Test Date 
( 2  Day Cu re ) . . . . . . . . . . . . � . . 4- 10-88 
Spec i men Test  Date 
(3  Day Cure ) . . . . . . . . . . .  � . . .  4- 1 1 -88 
* 
2 Day Cu ri ng · 
1 2 
1 0 16 . 5  
1026 . 4  
532 . 7  
1028 . 8  
1 024 .. 9. 
. 2 .· 109 . 
2 . 097 





1 024 . 6  
1 0 19 . 1  
0 . 58 
1 2 . 84 
1 059 . 9  
1068 . 9  
5'6 1 . 1  
1070 . 2  
1066 . 9  
2 . 128 
2 . 1 1 7  
2 �91 16  
60  
1 17 5  
1 128 
24 
1066 . 7  
106 1 . 4  
0 . 54 
12 . 01 
3 Day Cu ri ng 
3 4 
1033 . 1  
1040 . 9  
·546 . 9 
1 04 2 . 3  
1 040 . 2  .
,2 .  1 2 9  
2 . 1 2 2  





1040 . 2  
1036 . 8  
0 . 35 
1 1 . 83 
1040 . 2  
i048 . 5 
549 . 6  
1 049 . 9  
, 1 047 . 8 
2 . 1 24 
2 . 1 1 5  





1047 . 8  
1043 . 6  
0 . 43 
1 2 . 09 
* . 
Cur i ng t ime i nc l udes nn�  day i n  the m6 l d  at  room tempera ture and the 
rema i nder out of  the mo l d  i n  the oven at 1 00°F .  
108 
ASPHALT AGGREGATE 
Type & Grade . . . . . . . . . . . . . . CSS- 1 Source I D  . . . . . . . . . .  Dell Rap i ds P i t 
Asp ha l t i n  Emul s ion . . . . . . .  - . 65% Type . . . . . . . . . . . . . . . . . . . . . Quartz i te 
Bu l k Spec . Grad � . � . · . . . . . . . . . . .  2 . 66 As pha l t Spc . Gra . . . . .. . . . . .  1 . 20 
Res i dua l As pha l t Amount  of F i nes ( pa s s i ng 
i n  Mi xture . . . . . . . . . . . . . . . .  3 . 0% #200 s i eve )  i n  M i x . . . . . . . . . . . .  7 . 0% 
M I X I NG AND COMPACTION 
Tota l M i x Wa ter . . . . . . . . . . .  5 . 0% 
TEST I NG 
Spec i men Test  Da te 
Added Mi x Wa ter . . . . . . . . . .  3 3 . 5g ( 2 Day Cu re ) . . . . . . . . . . . . . . .  4- 12-88 
Wa ter at  Compacti o n  . . . . . . .  5 . 0% Spec imen  Tes t Da te 
· 
Compactio n  Da te . . . . . . . .  4-10-88 ( 3  Day Cu re ) . . . . . . . . . . .  _.. . . .  4- 1 3�88 
COf4PACTED SPEC IMEN DATA 
* 
2 Day Cur i ng 
1 2 
BUL K  DENSITY 
wt . of spec . i n  a 1 r ,  gms . . . . . . .  989 . 2  
wt . of  s pec . + pa i nt i n  
a i r ,  gms . . . . . . . .  � . . . . . . . . . . . . 1 000 . 1  
wt . of spec . + pa i nt  i n  
wa ter , gms . . . . . . . . . . .  · . . . . . . . .  5 14 . 2  
wt . of  s pec . + pa i nt at  SSD · 
.cond i t i o n  . . . . . . . . . . . . . . . . . . . . 1 002 . 4  
wt . of spec . + pa i nt a t  
testi ng . . . . . . .  · . . . . . . . . . . . . . . .  999 . 1  
BSG- Compacted M i x  . . . . . . . . . . . . . .  2 . 090 ; · · 
Dry BSG- Compacted Mi x . . . . . . . . . . . 2 � 082 · 
Th i c kness ( i nc hes ) . . . . . . . . . . . . . . 2 - 3/ 8 
STAB I L I TY 
Di a l  . . . . . . . . . . . . . . . . . .  � · · · · · · · · 87 
Loa d ,  LBS . . . .  . . . . . . . . . . . . . . . . . .  1 563 
Adj usted Stab i l i ty ,  LBS . . . . . . . .  1 703 
Fl ow ,  1/ 1 00 i n .  or · o . 25 mm . . . . .  22 
MO ISTURE  CONTENT 
wt . of fail ed s pec . ,  gms � · · · · · ·  999 . 2  
wt . o f  oven dry s pec . , gms . . . . .  9 95 . 6  
Mo i s ture  Co ntent ( % )  . . . . . . . . . . . 0 . 37 
�1a x .  Total Vo i ds ( % ) . . . . . . . . . . . 1 8 . 04 
* . 
998 . 5  
1009 . 6  
5 19 . 9  
1 0 1 2 . 3  
1009 � 2  
2 � 09 6  
2 . 086 
2-3/8  
9 9  
1 73 5  
1848 
23  
1009 . 3  
1 004 . 9  
0 . 45 
17 . 89 
3 Day Cu ri ng 
3 4 
9 64 . 4  
9 78 . 3  
5 1 7 . 9  
9 79 . 9 ' 
9 76 . 2  
2 . 1 64 . 
2 .  1 56 




1 9  
9 76 . 1 
9 7 2 . 4  
0 . 39 
1 5 . 1 6  
988 . 0  
�002 . 4  
527 . 5  
1004 . 1  
1000 . 3  
, · 2 . 1 50 
2 . 1 41 





1000 . 2  
996 . 2  
0 . 4 1 
1 5 . 73 
Cur � ng t ime i nc l udes o ne 
_
day i n  the mo l d  a5 room tempera.tu re and the 
rema 1 nder o u t  of the mold 1 n  the oven at 1 00 F .  
109· 
Emu l s i f i ed As phal t Mi xture Da ta S heet 
ASPHALT AGGREGATE 
Type & Grade . . . . . . . . . . . . . CSS- 1 Source ID  . . . . . . . . . .  De 1 1  Rap ids  P i t  
Aspha l t i n  Emu l s i on . � . . . . . .  65% Type . . . . . . . . . . . . . � . . . . . . .  Quartz i �e 
As pha 1 t Spc . Gra . . . . . . . . . .  1 .  20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dua l As pha l t Amount  of F i nes ( pa s s i ng 
i n  M i xture . . . . . . . . . . . . . . . .  4 . 0% #200 s i eve )  i n  M i x . . . . . . . . . . . .  7 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x Water . . . . . . . . . . .  5 . 0% 
TEST I NG · 
Spec i men Test  Date 
Add ed M i x  Wa ter . . . . . . . . . .  28 . 0g 
Wa ter a t  Compa c t i o n  . . . . . . .  5 . 0% 
( 2 Day Cure ) . . . . .  � . . . . . . • . .  4- 12-88 
Spec i men  Tes t  Date 
Compactjo n  Date . . . . . . . .  4- 10-88 ( 3 Day Cu re ) . . . . . . . . . . . · . . . .  4- 13-88 
COMPACTED S PEC IMEN DATA 
* 
2 Day Cu r i ng · 
1 2 
BULK  DENS I TY 
wt . of s pec . i n  a i r ,  gms . . . . . . . 1026 . 1  
wt . of  s pec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . .. . . . . .  1035 . 9  
wt . o f  spec . + pa i nt i n  
. wa ter , gms . . . . . . . . . . . . . . . . . . . 529 . 9 
wt .  o f  spec . + pa i nt a t  SSD 
cond i ti on  . . . . . . . . . . . . . . . . . . . .  1 038 . 3  
wt . o f  s pec . + pa i nt at  
tes t i ng  . . . . . . . . . . . . . . . . . . . . .  � 103 5 , 6  
BSG- Compacted Mi x . . . . . . . . . . . . . . . . 2 � 076 . 
Dry BSG- Compacted M i x . . . . . . . . . . .  2 . 069 
Th i c knes s ( i nc hes ) . • . . . . . . . . . . . 2- 1/ 2  
STAB I L I TY 
Di a l . . . . . . . . . . . . . . . . . . . . . . . . . . . 83 
Load , LBS . . . . . .  · . . . . . . . . . . . . . . . .  1 505  
Adj u s ted Sta bi l i ty ,  LBS . . . . . . . .  1 505  
F l ow ,  1/ 1 00 i n .  or  0 . 2 5 mm . . . . .  23  
MO I STU RE CONTENT 
wt . of fa i l ed s pec . , gms . . . . . . .  1 03 5 . 7  
wt . o f  oven dry s pec . , gms . . . . .  1 032 . 4  
Mo i s ture Content ( % ) . . . . . . . . . . . 0 . 33 
Max .  Tota l Vo i ds ( % ) . . . . . . . . . . . 1 7 . 40 
998 . 1 
1 009 . 7  
509 . 9  
1 0 13 . 6 
10 10 . 4  
2 . 058 
2 . 049 




2 1  
1 01 0 . 8  
1 005 . 5  
0 . 48 
18 . 2 1 
3 Day Curi ng 
3 4 
1 00 2 . 1  
1 0 14 . 1 
-5 28 . 9  
1 01 5 . 6  
1 0 1 2 . 4  
2 . 1 2 2  
2 . 1 1 5  
2 - 3/ 8  
9 1  
1 620 
1 7 66 
20  
1 01 2 . 3 
1009 . 5  
0 . 29 
1 5 . 54 
1013 . 0  
1024 . 9  
53 5 . 4 
1026 . 5  
' 1023 . 2 
2 . 1 2 5 
2 . 1 18 





1023 . 2  
10 19 . 9  
0 . 34 
1 5 . 43 
* . 
Curi ng ti me i nc l ude� on� day i n  the mo l d  at  room tempera ture and the 
rema i nder out  of  the mo l d  i n  the oven at 1 00° F .  
1 10 
Emu l s i fi ed As phal t Mi xture Data Sheet 
ASPHALT AGGREGATE 
Type & Grade . . . . . . . . . . . . .  CSS- 1 Sou rce I D . . . . . . . . . .  De 1 1  Ra p i  d s Pi t 
Aspha l t i n  Emu l s i on . � . . . . . .  65% Type . . . . . . . . . . . . .  � . . . . . . .  Quartz i te 
Asp ha 1 t Spc . Gra . . . . . . . . . .  1 .  20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dua l As pha l t Amo unt  of  F i n es ( pa s s i ng 
i n  M i xture . . . . . . . . . . . . . . . .  5 . 0% #200 s i eve )  i n  M i x . . . . . . . . . . . .  7 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x  Water . . . . . . . . . . .  5 . 0% 
TESTI NG · 
Spec i men Test Da te 
Added M i x Wa ter . . . . . . . . . .  23 . 0g ( 2  Day Cure ) . . . . . . . . . . . . � . .  4- 1 2-88 
Water a t  Compacti on  . . . . . . .  5 . 0% Spec imen Tes t Da te · 
Compact i o n  Da te . . . . . . . .  4- 10-88 ( 3  Day Cu re ) . . . . . . .  � . . .  � . . . .  4- 13-88 
* ·  
COMPACTED SPEC IMEN DATA 2 
· Day Cu r i ng 
1 2 
BULK DENSITY 
wt . of  spec . 1 n  a 1 r , gms . . . . . . . 1 004 . 1  
wt . of spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . . . 1 0 1 6 . 8 
wt .  of spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . . . .  507 . 2  
wt �  of  s pec . + pa i nt a t  SSD 
cond i t i o n  . . . . . . . . . . . . . . . . . . . . 1 0 19 . 5  
wt . of s pec . + pa i nt at  
testi ng . . . . . . . . . .  � . . . . . . . . . .  ; 1 0 16 . �. 
BSG- Compacted M i x  . . . . . . . . . . . . . . . . 2 ; 029 
Dry BSG-Compacted M i x . . . . . . . . . . 2 . .0
.2 1  
Th i c kness ( i nc hes ) . . . . . . . . . . . . .  2- 1/ 2  
STAB I L I TY 
Di a l . . . . . . . . . . . . . . . . . . . . . . . . . . .  63 
Load ,  LBS . . . . . . .  � . . . . . . . . . . . . . .  1218  
Adj usted Sta b i  1 i ty , LBS . . . . . . . . 1 2 18 
Fl ow , 1/ 100 i n .  o r· 0 . 25 mm . . . . .  30 
MO I STU RE CONTENT 
wt . of  fa i l ed spec . ;  gms . . . . . . .  1 0 16 . 5  
wt . of  oven dry s pec . , gms . . . . .  1 0 1 2 . 7  
Mo i s t u r e Co n tent ( % ) . . . . . . . . . . . 0 . 3 9 
Max . To ta 1 Vo i d s ( %) . . .  . . . . . . . . 18 . 18 
1037 . 9  
1049 . 4  
528 . 3  
1052 . 3  
1049 . 3  
2 . 046 
2 . 03 7  
2-9/ 1 6  
7 2  
1 347 
1 293  
30  
1 049 . 2  
1045 . 1  
0 . 4 1  
1 7 . 52 
3 Day Cur i ng 
3 4 
1022 . 2  
1035 . 7  
539 . 8  
1 037 . 6  
1 034 . 3  
2 . 1 24 
2 . 1 1 6 
2 - 7  I 1 6  
8 6  
1 548  
1 6 10  
2 1  
1 034 . 2  
1 030 . 6 
0 . 37 
14 . 33 
1010 . 5  
1022 . 5  
532 . 3  
1024 . 1 
' 1 021 . 0  
2 . 1 1 7  
2 . 1 1 1  
2 - 3/8 
9 1  
1620 
1766 
2 1  
1020 . 8  
10 17 . 9  
0 . 30 
14 . 55 
* 
Cur � ng t ime i nc l udes . ?ne  �ay i n  the mo l d  a t0 room temperature and the rema 1 nder out of  th·e rna 1 d 1 n the o ven at  100 F .  
1 1 1  
Emu l s i fi �d As pha l t M i xture Da ta Sheet 
ASPHALT AGG REGATE 
Type & Grade  . . . . . . . .  � . . . .  CSS- 1 So u rc e I D . . . . . . . . . . De 1 1 Ra p i d s P i t 
As pha l t i n  Emul s i o n . � . . . . . .  65% Type . . . . . . . . . . . . . . . . . . . . .  Quartzi te 
As ph a 1 t Spc . Gra . . . . . . . . . .  1 .  20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dua l As p ha l t  Amount  o f  F i nes ( pa s s i ng 
i n  Mi xture . . . . . . . . . . . . . . . .  6 . 0% #200 s i eve )  i n  M i x . . . . . . . . . . . .  7 . 0% 
M I X I NG AND COMPACT ION 
Tota l Mi x Water . . . . . . . . . . .  5 . 0% 
TEST I NG 
Spec i men Tes t  Da te 
Added M i x Wa ter . . . . . . . · . . .  1 7 . 5g ( 2  Day Cu re ) . . . . . . . . . . . .  -. . .  4- 1 2-88 
Wa ter at Compact ion  . . . . . . .  5 . 0% Spec i men Test  Date 
Compact i o n  Da te . . . . . . . .  4- 10-88 ( 3  Day Cure ) . . . . . . . . . . . · . �  . .  4- 13-88 · 
COMPACTED S PEC IMEN DATA 
* 
2 Day Cu ri ng 
1 2 
BULK DENS I TY 
wt . of spec . 1 n  a 1 r , gms . . . . . . .  1 000 . 6  
wt . o f  s pec . + pa i nt i n  
a i r ,  gms . . . . . . .. . . . . . . . . . . . . . . 1 0 1 2 . 8  
wt . . o f  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . . . .  494 . 8  
wt . o f  spec . + pa i nt a t  SS D 
cond i t i o n  . . . . . . . . . . . . . . . . . . . . 1020 . 5  
wt . o f  s pec . + pa i nt a t  
test i ng . . . . . . . . . . . . . . . . . . . . . .  1 0 1 6  . .1 
BSG- Compacted t� i x . . . . .  � . . . . . . . . . . 2 ·. 006 · 
Dry BSG- Compacted Mi x . .  r • · · · · · ·  1 � 996 
Th i c knes s ( i nc hes ) . . . . . . . . . . . . .  2- 1/ 2  
STAB I L I TY 
Di a 1 . . . . . . . • . . . • . . • . . • . . • . • • . . . 38 
Loa d ,  LBS . . . . . .  � . . . . . . . . . . . . . . .  859 
Adj us ted Sta b i  1 i ty , LBS . . . . . . . . 859 
F l ow ,  1/ 100 i n .  o�  0 . 2 5  mm . . . . .  27 
MO I STU RE CONTENT 
wt . of fa i l ed spec . ,  gms . . . . . . .  10 16 . 2  
wt . o f  oven dry s pec . , gms . . . . .  1008 . 0 
Mo i sture Content ( % ) . . . .  . .  . . .  . .  0 . 52 
Max .  Total V o i d s ( % )  . . . . . . . . . . .  18 . 1 1 
1060 . 8  
1 07 3 . 3 
523 . 0  
1078 . 2 
1074 . 7 
2 . 007 
1 . 994 





1074 . 8  
1067 . 0  
0 . 64 
18 . 18 
3 Day Curi ng 
3 4 
1 00 5 . 5  1 06 1 . 6  
1 0 1 7 . 2  1074 . 3  
. 5 29 . 0 ·560 . 2 
1 0 18 . 9  1076 . 1  
1 0 1 5 . 4  , 107"2 . 8  · 2 . 1 1 5  2 . 1 2 2  
2 . 107 2 . 1 1 0  
2- 3/ 8  2- 1/ 2  
7 5  
1 390 
I-5 1 5  
2 0  
1 0 1 5 . 3  
1 0 1 1 . 9  
0 . 36 




3 1  
1072 . 7  
1067 . 2  
0 . 55 
13 . 4 1 
* . .  . 
Cur i ng ti me i nc l udes one day i n  the mo 1 d a t  room tempera.tu re a nd the 
rema i nder out  ( }f the rrio 1 d i n  the oven at 1 00°F .  
Ernu l s i f i ed As pha l t Mi xture Da ta Sheet 
ASPHALT . AGGREGATE 
1 12' 
Type & Grade . . . . . . . . . . . . .  CSS- 1 Sou rce  ID . . . . . . . . . .  Dell Rapids  Pi t 
Aspha l t i n  Emu l s i o n  . . . . . . . .  65% . Type . . . . . . . . . . . . .  � . . . . . . . Qua rtz i te 
Aspha l t Spc . Gra . . . . . . . . . .  1 . 20 Bu l k Spec . Grad  . . . . . . . . . . . . . . .  2 . 66 
Res i dual  As pha l t Amount o f  F i nes ( pa s s i ng 
i n  Mi xture . . . . . . . . . . . . . . . . 7 . 0% #200 s i ev e )  i n  Mi x . . . . . . . . . . . .  7 . 0% 
M I X I NG AND COMPACT ION TEST I NG . 
Total Mi x Wa ter . . . . . . . . . . .  5 . 0% S pec i men Test  Da te 
Added Mi x Wa ter . . . . . . . . . .  1 2 . 5g 
Wa ter a t  Compact ion  . . . . . . . 5 . 0% 
( 2  Day Cu re ) . . . . . . . . . . . . • . .  4- 12-88 
Spec i men  Tes t  Da te 
Compact i o n  Date . . . . . . . .  4- 10-88 ( 3  Day Cu re ) . . . . . . . . . . .  � . . . 4- 13-88 
* 
COMPACTED S PECIMEN  DATA 2 Day Cur i ng · 1 2 
BULK DENS ITY 
wt . of s pec . 1 n  a 1 r , gms . . . . . . . 1 037 . 0  
wt . o f  spec . + pa i n t i n  
a i r , gms . . . . . . . . . . . . . . . . . . . . . 1 048 . 4 
wt . of spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . .  � . 508 . 8 
wt. of  spec . + pa i nt a t  SSD 
co nd i t i on . . . . . . . . . . . . . . . . . . . .  1051 . 4  
wt . o f  spec . + pa i nt a t  
testi ng . . . . . . . . . . . . . . . . . . . . . .  1 048 .} 
BSG- Compa cted Mi x . . . . . . . . . . . . . . . 1 � 972 -
Dry BSG- Compacted Mi x . . . . . . . . . . .  1 .- 962 
Th i c kness ( i nc hes ) . . . . . . . . . . .. . . 2..; 1 1/ 16 
STAB I L I TY 
Di al . . . . . . . . . . . . . . . . . . . . . . . . . . .  37  
Load , LBS . . . . .  · . .  · . . . . . . . . . . . . . . . 844 
Adj us ted Sta b i l i ty ,  LB S . . . . . . . .  7 5 1  
Fl ow , 1/ 100 i n .  or  0 . 25 mm . . . . .  30  
MO I STU RE CONTENT 
wt . of fa i l ed s pec . , gms . . . . . . .  1 048 . 8  
wt . o f  oven  dry s pec . , gms . . . . .  1 043 . 6  
Mo i sture Content ( % ) . . .  . .  . .  . . . .  0 . 50 
r�a x .  To ta l Vo i ds ( % ) . . . . . . . . . . .  18 . 44 
1048 . 7  
1057 . 2  
53 1 . 4  
1 066 . 1 
106 1 . 2  
2 . 06 1  
2 . 05 1  
2- 5/ 8  




106 1 . 2  
1052 . 5 
0 . 48 
14 . 7 5 
3 Day Cu ri ng 
3 4 
989 . 8  1077 . 8  
9 99 . 3  i 088 . 3  
-527 . 6  573 . 1 
1 000 . 9  . 1 089 . 7  
9 98 . 2  
'2 . 147  
2 . 138 
2 - 5/ 1 6 
9 2 
1 6 3 5  
1 904  
2 1  
998 . 0  
9 94 . 4 
0 . 39 
1 1 . 14 
, 1087 . 0  
2 . 1 39 
2 . 130 
2 - 1/ 2  
1 0 1  
1 7 64 
1 764 
22  
1 086 . 7  
1 082 . 2  
0 . 45 
1 1 . 49 
* . . 
Curi ng ti me i nc l ude� o n� day i n  the mo l d  a t  room tempera ture a nd the 
rema i nd er out  of  the mol d i n  the ov�n a t  100°F .  
1 1 3 
Emu l s i f i ed As pha l t M i xture Data S heet 
AS PHALT AGGREGATE 
Type & Grade . . . . . . . . . . . . .  CSS- 1 Sou rc e  I D  . . . . . . . . . .  De l l  Rap i ds P i t 
Aspha l t i n  Emu l s i on . ; . . . . . . 65% Type . . . . . . . . . . . . . . . . . . . . .  Quartz i te 
Aspha l t Spc . Gra . . . . . . . . . . 1 . 20 
Res i dua l As phal t 
Bul k Spec . Grad . . . . . . • . . . . . . . .  2 . 66 
Amount  o f  Fi nes { pa s s i ng 
i n  M i xtu re . . . . . . . . . . . . . . . .  3 . 0% #200 s i eve )  i n  t4 i x  . . . . . . . . . . .  1 0 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x  Water . • . . . . . . . . .  5 . 0% 
TESTI NG 
Spec i men Tes t  Da te 
Added M i x  Water . . . . . . . . . . . 33 . 5g ( 2 Day Cu re ) . . . . . . . . . . - . .  � . .  4- 14-88 
Water a t  Compa c t i o n  . . . . . . .  5 . 0%. Spec imen Test  Da te 
Compact ion  Date . . . . . . . . 4- 1 2 -88 ( 3  Day Cu re ) . . . . . . . � . . .  � . . .  4- 1 5-88 
* 
COMPACTED SPEC IMEN  DATA 2 Day Cu ri ng 1 2 
BULK  DENS I TY 
wt . of  spec . i n  a i r ,  gms . . . . . . .  980 . 9  
wt . of  spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . . . 9 9 3 . 6 
wt . o f  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . . . . 524 . 4  
w t .  of spec . + pa i nt at SSD 
cond i t i on . . . . . . . . . . . . . . . • . . . . 9 96 . 1 
wt . of spec . + pa i nt a t  
test i ng . . . . . . . . . . . . . . . . . . . . .  � 9 9 1 .1 
BSG- Compacted M i x .  . . . . . . . . . . . . . . 2 � 157  · 
Dry BSG- Compacted M i x . . . . . . . . . . . 2 � 149 
Th i c knes s ( i nc hes ) . . . . . . . . . . . . .  2 ..;. 5/ 16 
STAB I L I TY 
D ia l . . . . . . . . . . . . . . . . . . . . . . . . . . . 1 2 5  
Load , L B S  . . . .  � . . - . . . . . . . . . . . . . . . 2 1  09 
Adj usted Sta b i l i ty �  LBS . . .  . . .  . .  2404 
Fl ow ,  1 / 100 i n .  or 0 . 2 5 mm . . . . . 1 9  
MO I STU RE CONTENT 
wt . of fail ed s pec . , gms . . . . . . . 9 9 1 . 8  
wt . o f  oven dry s pec . , gms . . . . .  988 . 1  
M o i s t u r e Content ( % ) . . . . . . . . . . . 0 . 3 9 
Max . To ta l Vo i d s  ( % ) . . . . . . . . . . .  1 5 . 4 1 
984 . 6  
9 97 . 1  
521 . 6  
999 . 1  
9 95 . 8  
2 . 133 
2 . 123  
2 - 5/ 16 
I l l  
1908 
2 1 7 5  
1 7  
9 95 . 9  . 
9 9 1 . 6  
0 . 45 
16 . 43· 
3 Day Curi ng 
3 4 
9 59 . 2  
969 . 6  
-5 1 7 . 5  
9 7 1 . 0  
968 . 3  
2 . 1 76 
2 . 169  
2 - 1/8  
148 
2 43 9  
3 1 63 
1 7  
9 68 . 3  
9 65 . 2  
0 . 33 
1 4 . 65  
1026 . 2  
1035 . 6  
5 53 . 9  
1037 . 3  
' 1034 . 5 
2 . 1 78 
2 . 1 7 2  
2- 5/ 16 
162 
264 1  
3009 
18 
1034 . 4  
103 1 . 5  . 0 .  29 
14 . 5 1 
* . . 
Cu ri ng ti me i nc ludes orie  day i n  the mo l d at  room tempera-tu re and the 
rema i nder out  of the mol d i n  the oven at 1 00°F .  
1 14 
Emu l s i fi ed As phal t M i xture Da ta Sheet 
ASPHALT 
Type & Grade  . . . . . . . . . . . . .  CSS-1  
As  p ha  1 t i n Emu 1 s i o n . . . . . . . .  6 5% 
As pha 1 t Spc . Gra . . . . . . . . . . 1 .  20  
Res i dua l As pha l t 
i n  Mi xture . . • . . . . . . . . . . . . .  4 � 0% 
M I X I NG AND COMPACTION  
Tota l M i x Wa ter . . . . . . . . . . . 5 . 0% 
Added M i x Wa ter . . . . . . . . . .  28 . 0g 
Wa ter a t  Compacti on  . . . . . . .  5 . 0% 
Compacti on  Da te . . . . . . . . 4- 1 2 -88 
COMPACTED S PECH·1EN DAfA 
AGG REGATE 
Source I D  . . . . . . . . . . .  Dell Ra p i ds P i t 
Type . . . . . . . . . • . . • . . . . • . . .  Quartz i te 
Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Amo unt  o f  F i nes ( pass i ng 
#200 s i eve ) i n  M i x . . . . . . . . . . . 10 . 0% . . 
TEST I NG 
Spec i men Tes t  Date 
( 2 Day Cu re ) . . . . . . . . . . . . .. . .  4- 14-88 
Spec i men  Test Da te _ 
( 3  Day Cu re ) . . . . . . . . . . . -. . . .  4- 1 5-88 . 
* 
2 Day Cu r i ng · 
1 2 
3 Day Cu r i ng 
3 4 
wt . of  spec . 1 n  a 1 r ,  gms . . . . . . .  1 0 13 . 7  1 0 10 . 3  
1020 . 2  
5 25 . 3  
1 022 . 4  
1038 . 6  
1049 . 2  
9 72 . 4  
. 
980 . 5  
wt . of spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . .  . 
wt . of  spec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . .  · . .  
wt . of  spec . + pa i nt a t  SSD  
cond i t i on . . . . . . . . . . . . . . . . . . .  . 
wt . of spec . + pa i nt a t  
tes t i n g  . . . . . . . . . . . . . . . . . . . . .  . 
SSG- Compacted Mi x . . . . .  � . . . . . . .  . 
Dry BSG- Compac ted M i x . . • . . . . . . .  
Th i c kness ( i nc hes ) . . . . . . . . . . . .  . 
STAB I L I TY 
Di a 1 . . • • . • . . . . . . • . . . . •  � . . . . . . .  . 
Load ,  LBS . . . . . . .. . . . . . . . . . . . . . .  . 
Adj us ted Sta b i l i ty ,  LBS . . . . . . .  . 
F l ow ,  1/ 100 i n .  o�  0 . 2 5  mm . . .  � .  
MO I STU RE CONTENT 
wt . of failed spec . ,  gms . . . . . .  . 
wt . of  o ven dry s pec . , gms . . . .  . 
Mo i sture Content ( % ) • • • • • • • • • • •  
�·1ax . Tota l Vo i ds ( % ) . � • • • • • . • . .  
* . . . 
1 023 � 4  
532 . 0  
1025 . 3  
1 022 . 7  . ·  1 0 19 . 2  
2 � 1 1  t . 2 .  090 
2 . 104 2 . 083 
. 2 - 3/8 2·- 7  I 16 
90  
1606 
1 7 50 
17 
1022 . 8  
1019 . 6  
0 . 33 
16 . 02 
82  
149 1 
1 55 1  
18 
1019 . 2  
1016 . 0  
0 . 33 
16 . 82 
- 554 . 0  
105 1 . 1  
1 048 . 1 
2 . 148 
2 . 142 
2 - 3/ 8  
14l 
2339  
2 549  
1 9  
1048 . 0  
1045 . 1  
0 . 29 
14 . 46 
520 . 7  
981 . 8  
9 7-9 .  5 
2 . 1 57 
2 . 1 5 1  





979 . 5  
9 77 . 1  
0 . 26 
14 . 1 1 
Cu ri ng t i me i nc l ude� o�e day i n  the mo l d  at  room temperatu re a nd the 
rema i nqer o ut  af . the  mo l d  i n  the oven at  1 00°F .  
* 
1 15 . 
Emul s i fi ed Asphal t Mi xture Da ta Sheet 
ASPHALT 
Type & Grade . . . . . . . . . . . . .  CSS- 1 
Aspha l t i n  Emu l s i o n  . .  � . . . . . 65% 
Aspha l t  Spc . Gra . . . . . . . . . .  1 . 20 
Res i dua l As pha l t 
i n  Mi xtu re . . . . . . . . . . . . . . . .  5 . 0% 
M I X I NG AND COMPACTION 
Tota l Mi x Wa ter . . . . . . . . . . .  5 . 0% 
Added M i x Water . . . . . . . . . .  23 . 0g 
Water a t  Compacti o n  . . . . . . .  5 . 0% 
Compact i on Da te . . . . . . . .  4- 12-88 
COMPACTED SPEC IMEN DATA 
BULK DENSITY 
w t .  of  spec . 1 n  a i r ,  gms . . . . . .  . 
wt .  o f  spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . .  . 
w t .  o f  s pec . + pa i nt i n  
. wa ter , gms . . . . . . . . . . . . . . . . . . . 
wt . . o f  s pec . + pa i nt a t  SSD 
cond i t i o n  . . . . . . . . . . . . . . . . . . .  . 
wt . o f  s pec . + pa i nt at  
test i ng  . . . . . . . . . . . . . . . . . . . . .  . 
BSG- Compacted Mi x . . . . . . . . . . . . . . 
Dry SSG- Compacted M i x  . . . .  · . . . . .  . 
Th i c knes s ( i nc hes ) . . . . . . . . . . . .  . 
STAB I L I TY 
Di  a 1 • • • • • • • • • • • • • • • • • • • • • • • • • . • 
Load ,  LBS . . . . . . . . . . . . . . . . . . . . .  . 
Adj usted Sta b i l i ty ,  LBS . . . . . . .  . 
F l ow, 1/ 100 i n .  o r  0 . 25 mm . . . .  . 
MO I STU RE CONTENT 
wt . of fail ed s pec . , gms . . . . . .  . 
wt . o f  oven dry s pec . ,  gms . . . .  . 
Mo i sture Content ( % )  . . . . . . . . . .  . 
Max . Tota l Vo i ds ( % )  . . . . . . . . . .  . 
AGGREGATE 
Sou rce ID . . . . . . . . . .  Dell Ra pids Pi t 
Type . . . . . . . . . . . . . . . . . . . . .  Qua rtz i te 
Bul k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Amount of  F i nes ( pa ss i ng 
#200 s i eve )  i n  M i x . . . . . . . . . . .  1 0 . 0% 
TEST I NG 
Spec imen Test  Date 
( 2 Day Cu re ) . . . . . . . . . . . . .  · ; . 4- 14- 88 
Spec i men Test Da te 
(3 Day Cu re ) . . . . . . . . . . . . . . .  4- 1 5�88 
* 
2 Day Curi ng 
1 2 
1017  o 9 I 1 000 . 5 ° 
1 028 . 6  
534 . 5  
1 030 . 9  
1027 . 7 . 
2 . 1 1 3  






10.27 . 8  
1023 . 8  
0 . 4 1  
14 . 80 
1 00.9 . 6  
523 .. 7 
1 0 1 1 . 2  
1008 . 6  
2 . 103 
2 . 095  
2-3/ 8  




1 008 . 7  
1 005 . 1  
0 . 38 
1 5 . 18 
3 Day Curi ng 
3 4 
1008 . 7  
1 020 . 7  
5-38 . 3  
1022 . 7  
1 0 1 9 . 7  
2 . 1 5 1  
2 . 142  
2- 5/ 16 
109 . 
1879 
2 14 2  
2 1  
1 0 1 9 . 8  
1 0 16 . 1  
0 . 38 
13 . 28-
1027 . 5  
1036 . 0  
547 . 4  
1 037 . 4  
103 5 � 1  
2 . 144 
2 . 138 





103 5 . 0  
1032 . 2  
0 .  29 
1 3 . 4 5  
Cur i ng t ime i ncl udes o n e  day i n  the mo 1 d  a t0 room temperatu
re a nd the 
rema i nder out  o f· the mo l d in  the oven a t  1 00 f .  
1 16· 
Emu l s i f i ed As pha l t Mi xture Data S heet 
ASPHALT AGG REGATE . 
Type & Grade . . . . . . . . • . . . .  CSS- 1  Source  I D  . . . . . . . . . .  Dell Rap i ds Pit 
As pha l t  i n  Emu l s i on . � . . . . . .  65% Type . . . . . . . . . . . . . • . . . . . . .  Qua rtz i te 
Aspha l t Spc . Gra . . . . . . . . . .  l . 20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dua l As p ha l t Amount o f  F i nes ( pa s s i ng 
i n  M i xture . . . . . . . . . . . . . . . .  6 . 0% #200 s i ev e )  i n  M i x . . . . . . . . . . .  1 0 . 0% 
M I X I NG AND COMPACT ION 
To ta l �1 i x  Wa ter . . . . . . . . . . .  5 . 0% 
TEST I NG 
Spec i men Tes t Da te 
Added M i x  Water . . . . . . . . . .  1 7 . 5g ( 2  Day Cure ) . . . . . . . . . . . .  � . . 4- 14-88 
Water a t  Compact i o n  . . . .  r • •  5 . 0% Spec i men Test Date  
Compact ion  Date . . . . . . . .  4- 12-88 ( 3  Day Cu re )  . . . . . . . . . . .  : �  . .  4- 1 5-88 
COMPACTED S PEC IMEN  DATA 
* 
2 Day Curi ng · 
1 2 
BULK  DENS I TY _ 
wt . o f  s pec . 1 n  a 1 r ,  gms . . . . . . .  1014 . 3  
wt . of spec . + pa i nt i n  
a i r ,  gms . . . . . . . . . . . . . . . . . . . . .  1 024 . 7  
wt . of spec . + pa i nt i n  
water , gms . . . . . . . . . . . . . . . . . . .  528 . 0  
wt . o f  spec . + pa i nt a t  SSD 
cond i t ion  . . . . . . . . . . . . . . . . . . . .  1 026 . 6  
wt . of spec . + pa i nt a t  
test i ng . . . . . . . . . . . . . . . . . . . . . � 1 023 . 6  
BSG- Compacted M i x . . . . .  � . . . . . . . . . . 2 � 092 · 
Dry BSG- Compacted Mi x . . .  · .  . . . . . . 2 � S18 
Th i c k ness ( i n c h e s ) . . . . . . . . . . . . . 2 .:.  7 I 16  
STAB I L I TY 
Di a l . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 5  
Load ,  LBS . . . . . . .  � . . . . . . . . . . . . . . 1390 
Adj usted Sta b i l i ty �  LBS . . . . . . . .  1446 
F l ow, 1/ 100 i n .  or 0 . 2 5 mm . . .  . .  25  
MO I STURE CONTENT . 
wt . of  fa i l ed s pec . , gms . . . . . . . 1 023 . 7  
wt . of oven dry s pec . ,  gms . . . . .  1 0 19 . 2  
Mo i sture Co ntent ( % ) . . . . . . . . . . .  0 . 47  
Ma x . To ta 1 Vo i d s ( % ) . . . . . . . . . . . 14  . 59 
1043 . 8  
1055 . 9  
54 1 . 9  
1057 . 5  
1054 . 3  
2 . 084 
.2 .  070 
2 - 9/ 16 . 
7 1  
1 333  
1 280 
26 
1054 . 4  
1047 . 9  
0 . 66 
1 5 . 07 
3 Day Cu ri ng 
3 4 
1030 . 9  1038 . 4  
1 038 . 7  1046 . 9  
. 548 . 1 -5 5 1  . 2 
1 03 9 . 9  1048 . 3  
1 03 7 . 9 , ' 1 04'5 .  9 · · 2 . 1 39 2 . 136  
2 . 1 3 1  2 . 1 24 
2- 3/8  2-7/ 16  
107  
1850 
2 0 1 7  
2 1  
1037 . 9  
1 034 . 5  
0 . 3 5 




2 1  
104 5 . 9  
1 040 . 7  
0 . 53 
12 . 85 
*cur i ng ti me i ncludes one  day i n  the mo l d  a t0 room tempera
.ture and th e. 
rema i nder o ut  of the mo l d  i n  the oven a t  1 00 F .  
1 1 7  
Emu l s i f i ed As pha l t Mi xture Da ta S heet 
ASPHALT AGGREGATE 
Type & Grade  . . . . . . . . . . . . . css� 1 Source  I D . . . . . . . . . .  De 1 1 Rap ids P i  t 
Aspha l t i n  Emu l s i on . • . . . . . .  65% Type . . . . . . . . . . . . . . . . . . . . .  Quartz i te 
As pha l t  Spc . Gra . . . . . . . . . .  1 . 20 Bu l k Spec . Grad . . . . . . . . . . . . . . .  2 . 66 
Res i dual  As p ha l t Amo unt  o f  F i n es ( pa s s i ng 
i n  M i xture . . . . . . . . . . . . . . . . 7 . 0% #200 s i eve )  i n  Mi x . . . . . . . . . . .  1 0 . 0% 
M I X I NG AND COMPACT ION 
Tota l M i x Water . . . . . . . . . . .  5 . 0% 
TEST I NG · 
Spec i men Tes t  Da te 
Added Mi x Wate� . . . . . . . . . .  1 2 . 5g ( 2  Day Cu re ) . . . . . . . . . . . . . . .  4- 14-88 
Wa ter a t  Compact i on  . . . . . . .  5 . 0% Spec i men Tes t  Da te 
· 
Compact ion  Da te . . . . . . . .  4- 12-88 ( 3  Day Cu re ) . . . . . . . . . . .  · . �  . .  4- 1 5-88 · 
* 
COMPACTED SPEC IMEN DATA 2 Day Cu r i ng 1 2 
BUL K  DENS I TY 
wt . of  s pec . i n  a i r , gms . . . . . . . 1 043 . 4  
wt . o f  s pec . + pa i nt i n  
a i r , gms . . . . . . . . . . . . . . . . . . . . . 1054 . 2 
wt . of s pec . + pa i nt i n  
wa ter , gms . . . . . . . . . . . . . . . . .  � .  544 . 0  
wt . o f  s pec . + pa i nt a t  SS D 
cond i t i on . . . . . . . . . . . . . . . . . . . .  1056 . 3  
wt . of s pec . + pa i nt a t  
tes ti ng . . . . . . . . . . . . .. . . . . . . . . . 1053 . 3  
BSG- Compacted �1 i x . . . . . . . . . . . . . . . 2 � 096 . 
Dry BSG- Compacted M i x . . . . . . . . . . . 2 . 083 
Th i c kness ( i nches ) . . . . . . . . . . . . .  2 �91 1 6 
STAB I L I TY 
Di a 1 . . . • • • • • . • . . • • . • . •  �- • • . . . • . • 6 0 
Loa d ,  LBS . . . . . . . . . . . . . . . . . . . . . .  1 1 7 5  
Adj us ted Sta b i l i ty ,  LBS . . . . . . . .  1 1 28 
F l ow ,  11 1 00 i n .  or  0 . 25 mm . . . . .  24 
MO I STU RE CONTENT 
wt . of fa i l ed s pec . , gms . . . . . . .  1 053 . 3  
wt . o f  oven dry s pec . , gms . . . . . 1 047 . 4  
Mo i s ture Co ntent ( % )  . . . . . . . . . . .  0 . 6 1  
Ma x • To ta 1 V o  i d s ( % ) • • • • • • • • • • • 1 3  . 4 2 
1039 . 2  
1049 . 0  
539 . 1 
:1050 . 7  
1047 . 6  
2 . 083  
2 . 07 1  
2- 11 2 
53  
1074 
1 074  
23  
1047 . 7  
104 1 . 9  
0 . 60 
1 3 . 94 
3 Day Cur i ng 
3 4 
1039 . 1  
1047 . 8  
· 5 53 . 8  
1049 . 4  
. 1 04 6 . 9  
2 . 146 
2 . 1 38 
2- 7 I 1 6  
9 1  
1 620 
1 68 5  
2 5  
1046 . 7  
1043 . 1  
0 . 37 
1 1 . 14 
1048 . 7 
1058 . 1 
-5 56 . 8  
1060 . 9  
' 1058 . 1  
2 . 142  
2 . 1 30 





1057 . 8  
1052 . 5  
0 . 54 
1 1 . 4 5  
* . . 
. Cu r i ng  t i me i nc l udes o n� day i n  the m6 l d  at  room temperatu re a nd the 
rema i nder out of  the  mo l d  i n  the oven at 100°F .  
1 18 
AP PEND I X  B 
Stepw i s e  Regres s i o n  
SAS ( R )  LOO OS SAS 5 .  1 6  VS2/WS JOB CE84-NASR STEP SAS 
NO.TE : COPYR IGHT (C ) 1 984 , 1 986 SAS I NST I TUTE I NC . , CARY , N . C .  2751 1 ,  U . S . A .  
NQTE : THE J OB  CE84NASR HAS BEEN RUN lH> ER  RELEASE 5 . 1 6  OF SAS AT SOUTH DAKOTA STATE UN IVERS I TY (83 1 63881 ) .  
NOTE : CPUID VERSION • FF  SER I AL • 0 1 4 1 1 7  WOOEL • 438 1 • 
NOTE : $AS OPT IONS SPEC I f i ED  ARE : 
SORT-4 
1 .. . · T I T LE 1  ' STEPWISE REGRESS ION ANALYS I S ' ; DATA I T ;  
2 I NPUT F I NE ASPH SUB T I WE A B C D E F G FLOW STAB ; 
3 . H-(8- C-(D-a) ) ;  1•(8-A)/ 1 . 8556 ; J-H-1 ; BSG-A/J ; 
4 XY2-G-8 ; I F  G LE B THEN XY2-I ; 
5 . �( ( ( E-F)-(XY2) )/F) • ( 1 /( 1 -(ASPH/1 00 ) ) ) ;  �• 1 88 ;  
6 ' OBSG-BSG/( 1+(1.C/ 1 80 ) } ; 
7 P.( ( (ASPH/1 00 )+ 1 + (WC/1 88 ) )/BSG}-( 1 /2 . 66}-( ( A�PH/1 88}/1 . 82 ) ;  
8 Qa( (ASPH/ 1 80)+ 1+(MC/ 1 80 ) )/BSG ; �v�(P/Q) • 1 88 ;  
9 FINE•FI NE-7 ; ASPH-ASPH-5 ;  T I�E•T I�E-1 . 5 ;  F INE2•FINE• •2 ; 
1 8  F I AS.FI NE•ASPH ; F I T I •F I NE•l iWE ;  AST I•ASPH•T I WE ;  ASPH28ASPH• •2 ; 
1 1  CARDS ; 
. . 
NOTE : DATA SET WORK . I T  HAS 68 OBSERVAT I ONS AND 28 VAR IABLES . 36 OBS/TRK . 
NOTE : THE DATA STATEWENT USED 8 . 30 SECONDS AND. 96K . 
72 • 
73 PROC STEPWI-SE ;  . 
74 t.a>EL DBSG �V ..C FLOW STAB-F I NE F I NE2 ASPH ASPH2 TIME F I AS F I T I  AST I�R 
NOTE : THE PROCEDURE STEPWI SE USED 0 . 83 SECONDS AND 272K AND PRI NTED PAGES 1 TO 28 . 
NOTE : SAS USED 272K MD«lRY . 
NOTE :  SAS I NST I TUTE I NC .  
SAS C IRCLE 
PO BOX 8888 




STEPW I SE REGRESS I ON  ANALYS I S  
�X It.U.C R-SQUARE II.FROVEWENT FOR DEPENDENT VARIABLE OBSG 
STEP 1 VARI AB LE T I WE ENTERED R SQUARE • 8 . 4 1 75 1 688 
OF SlAA OF SQUARES 
REGRESS ION 1 8 . 8422798 1 
ERROR 58 8 . 858984 1 7  
TOTAL . · 59 . 8 .  1 8 1 263 1 8  
8 VALUE . .STO ERROR 
I NTERCEPT 2 . 1 883 1 453 
T IWE 8 . 85389849 8 . 80823395 
BOUNDS ON CCH> IT I ON Nl.l.tiER : 1 . . 
THE ABOVE t.a>EL IS  THE BEST 1 VAR I AB LE · t.a>EL FOUND . 
WEAN SQUARE 
8 . 8422798 1 
8 . 88 1 8 1 697 
TYPE I I  SS 
8 . 8422798 1 
STEP 2 VARI ABLE F I Nt2 ENTERED R SQUARE • 8 . 54464669 . .  
OF S� OF SQUARES WEAN SQUARE 
REGRESS ION . . 2 8 . 855 1 5266 8 . 82757633 
ERROR 57 8 .  8461 1 852 . 8 .  8888889.6 
TOTAL 59 - 8 . 1 8 1 263 1 8  
8 VALUE . STO ERROR TYPE I I  SS 
INTERCEPT 2 . 87959928 " 
FI NE2 8 . 88345254 8 . 88886547 8 . 8 1 287365 
T IWE 8 . 85389849 8 . 80734373 0 .  84227981 . 
BOUNDS ON COND I T I ON  Nl.l.tBER : 1 . 4 
THE ABOVE WOOEL I S  THE BEST 2 VAR I AB LE MQOEL FOUND . 
C(P)  • 
C(P)  • 
61 . 981 53333 
F PROB>F 
41 . 57 8 . eee1 
F PROB>F 
41 . 57 8 . 8881  
38 . 231 35668 
F PRoe>F 
34 . 89 8 . eee1 
F PROB>F 
1 5 . 9 1  8 . 8882 
52 . 26 8 . 8881  
...... N 
0 
STEP 3 VAlU ABLE ASPH ENTERED R SQUARE • 8 . 6858 1 297 C(P)  • 28 . 88422775 
Of Sll.t Of SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 3 8 . 86 1 26554 8 . 82842 1 85 28 . 59 8 . 8881 
ERROR 56 8 . 83999764 8 . 8887 1 424 
TOTAL 59 0 . 1 8 1 2631 8  
8 VALUE STO ERROR TYPE I I  SS F PROB>F 
INTERCEPT 2 . 87959928 
. fi NE2 8 . 88345254 8 . 88881 323 8 . 8 1 287365 1 8 . 82 8 . 8881 
ASPH -8 . 887 1 3727 8 . 88243968 8 . 886 1 1 288 8 . 56 8 . 8858 
TIME 8 . 85389849 8 . 88698845 8 . 8422798 1 59 . 1 9 8 . 8881 
BolNlS ON COND I T I ON  NllotBER : · ·  1 • 9 
THE ABOVE MODEL I S  THE BEST 3 VAR I ABLE t-a>EL FOUND . 
STEPWI SE REGRESS I ON  ANALYS I S  
W.X I..u.t R-SQUARE Ia.PROVEWENT fOR DEPENDENT VAR I AB LE OBSG 
STEP 4 VAR IABLE ASPH2 ENTERED R SQUARE • 8 . 64789388 C(P)  • 2 1 . 3 1 89 1 9 1 7  
Of Sli.C Of SQUARES WEAN SQUARE F PROB>F 
REGRESS I ON  • 8 . 8656877 1 8 . 8 1 648 1 93 25 . 38 8 . 8881 
ERROR 55 8 . 83565547 8 . 88864828 
TOTAL 59 e .  1 8 1 263 1 8  
B VALUE STO ERROR TYPE I I  SS · . F PROB>F 
I NTERCEPT 2 . 86943 1 4-4  
F I �E2 8 .  883-45254· 8 . 88877-476 8 . 8 1 287365 1 9 . 86 8 . 8881 
ASPH -8 . 887 1 3127 8 . 88232429 8 . 886 1 1 288 . 9 . 43 8 . 8833 
ASPH2 8 . 88588392 8 . 88 1 96439 8 . 884342 1 7  6 ·. 78 8 . 8 1 23 
· T IME. 8 . 85389849 8 . 886574 1 8  8 . 8422798 1 65 . 22 8 . 888 1  
BOlN)S ON CONO I T  I ON Nl.M3ER : 1 . . . 1 6  
...... 
THE ABOVE MODEL I S  THE BEST 4 VAR I ABLE ..a>EL fOUND . N ...... 
STEP 5 VAR IABLE F' I AS �TERED R SQUARE .• 8 . 68788875 C(P) • 1 5 . 3794551 5  
Of � Of SQUARES .. EAN SQUARE f PROB>F 
REGRESS I ON  5 8 . 86957699 8 . 8 1 39 1 548 23 . 7 1  8 . 8881 
ERROR 54 8 . 83 1 6861 9  8 . 86858678 
TOTAL 59 8 . 1 8 1 263 1 8  
B VALUE STD ERROR TYPE I I SS F PROB>F 
I.NTERCEPT 2 . 86943 1 -H  F'I NE2 • 8 . 88345254 8 . 868737 1 8  8 . 8 1 287365 2 1 . 94 8 . 8881 
A5PH .-t . 887 1 3727 8 . 88221 1 38 8 . 886 1 1 288 1 8 . 42 8 . 8821 
· ASPH2 8 . 88588392 8 . 88 1 86889 8 . 8843421 7  7 . 48 8 . 8888 
T I  .. E 8 .  85.389849 8 . 88625458 8 . 84227981 72 . 85 8 . 8881 
FI�· -t . 88234796 8 . 88898276 8 . 88386929 & . 76 8 . 81 28 
BOUt()S ON CON> I T l  ON NU.tBER : 1 • . 25 
THE ABOVE MODEL I S  THE BEST 5 VARI ABLE MODEL FOUND . 
I 
STEPWI SE REGRESS ION ANALYS I S  
�XI ..u.t  R-SQUARE l t-FROVE).CENT FOR DEPENDENT VAR IAB LE OBSG 
STEP 6 VAR IABLE F I NE ENTERED · R SQUARE • 8 . 72297282 C ( P )  • 1 8 . 1 1 1 74842 
Of Sl.t.C Of SQUARES .. EAN SQUARE f PROB>f 
REGRESS I ON  · & 8 . 8732 1 845 8 . 8 1 228 1 74 23 . 85 8 . 888 1  
ERROR 53 8 . 82885273 8 . 88852938 
TOTAL 59 8 .  1 8 1 26:5 1 8  
8 VALUE STD ERROR TYPE . I I  SS F PROB>F 
I NTERCEPT 2 .  86943 1 -H  . 
F' I NE 8 . 883 1 7694 8 . 88 1 2 1 255 8 . 88363345 6 . 86 8 . 8 1 1 4  
F'I NE2 8 . 88345254 · 8 .  88878686 8 . 8 1 287365 24 . 32 8 . 8881 
ASPH · -t . 887 1 3727 8 . 882 1 66 1 9  8 . 8861 1 288 1 1 .  55 . 8 . 861 3 
ASPH2 8 . 68568392 8 .  88 1 77499 .. 8 . 884342 1 7  8 . 28 8 . 8868 
T I  .. E 8 . 85389649 8 . 6659462.4 8 . 8422798 1 79 . 88 8 . 668 1 
F I AS -t . 66234796 8 . 66085748 8.. 88396929 7 . 58 8 . 8884 
BOUNDS ON C()tl) I T  I ON NUWBER : 1 .  36 




STEP 7 VAR IABLE f i l l  ENTERED R SQUARE • 8 . 738521 1 8  C(P)  • 8 . 86247512 
Of SU.. Of SQUARES WEAN SQUARE f PR08>f 
REGRESS ION 7 8 0 87478498 8 . 81 868356 28 . 88 8 . eee1 
ERROR 52 8 0 82647828 8 . 88851821 
TOTAL 58 8 . 1 8 1 263 1 8  
B VALUE STO � TYPE I I  SS f PR08>f 
I NTERCEPT 2 0 869431 44  
F' I NE 8 o 8831 7684 8 . 88 1 1 88l8 1 . 88l6l345 7 . 1 4 8 . 8 1 8 1 
F' I NE2 8 � 88345254 8 . 88868664 1 . 8 1 287365 25 . 28 8 . 888 1 
0 ASPH -t 0 887 1 3727 8 . 88285893 8 . 886 1 1 288 1 2 . 88  8 . 88 1 1 
'ASPH2 8 . 88588392 8 . 881 7 4886 8 . 884342 1 7  8 . 53 8 . 8852 
T IWE 8 o 85l88848 8 . 88582636 1 . 1422798 1 83 . 83 8 . 8881 
. .  F' I AS -t o 88234786 • 8 . 88884886 1 . 88386828 7 . 88  8 . 8873 
F' I T I  1 . 114 1 8258 I . H2l78H 8 . 11 1 57446 3 . 88 1 . 8841 
BOUti)S ON CQI) IT I ON NL.I.EER : 1 • 48 
THE ABOVE WOOEL I S  THE BEST 7 VAR I ABLE WOOEL FOUND . 
STEPW I SE REGRESS I ON  ANALYS I S  
Wou l l.a . .w R-SQUARE l�EWENT FOR OEPEhOENT VARI ABLE OBSG 
STEP I VARIABLE AST J  OOERED ·. R SQUARE • 8. 74121887 · C(P)  • 8 . 88868888 
Of StM Of SQUARES WEAN SQUARE r PR08>f 
REGRESS I ON  8 8 o 8 757668J 8 . 88847875 1 8 . 84 8 . 888 1 
ERROR 5 1  8 . 825487 1 5  8 . 88848884 
TOTAL 58 • 0 1 8 1 263 1 1  
B VALUE ST.D � TYPE l l  SS r PROB>f 
I NTERCEPT 2 . 8694 3 1 44  
F I NE 8 . 883 1 7684 8 0 &8 1 1 7845 8 . 88363345 7 . 27 8 o 8895 
F' I NE2 8 . 88345254 8 . 88868838 8 . 1 1 287365 25 0 75 8 0 8881 
ASPH -t . 887 1 3727 8 0 88284 1 1 3 8 . 886 1 1 288 1 2 . 23 8 . 88 1 8  
ASPH2 . 8 0 885883�2 8 0 88 1 72587 1 . 884 342 1 7  8 . 69 '8 0 8841 
T I WE 8 o 85l89848 8 0 885773 1 8  8 . 8422798 1 84 . 57 . 8 0 888 1 
flt\5 -e o 882J4796 8 0 88883329 8 . 88386929 7 . 84 8 o 8869 
F I T  I 8 0 884 1 8258 8 0 88235689 8. 88 1 57446 l o 1 5  8 ° 88 1 8 
AST I 8 . 8857 1 876 8 . 88488225 8 . 888 81 1 3  1 . 86 8 . 1 6 73 
80lN>S ON eoti> I T ION Nl.I.I3ER : 1 ,  64 




STEPWI SE REGRESS ION ANALYS I S  
WAX I...U.C R-SQUARE I t.FROVD.CENT FOR DEPENDENT VAR I AB LE WTV 
STEP 1 VAR IABLE ASPH ENTERED R SQUARE • 8 . 3688 1 8 1 3  C(P) • 1 28 . 68288878 
OF S� OF SQUARES WEAN SQUARE F PROB>F' 
REGRESS ION 1 9 1 . 25 1 85956 8 1 . 25 1 85856 33 . 77 . 8 . 8881 
ERROR 58 1 56 . 78694892 2 . 78 1 84395 
TOTAL 59 247 . 95888848 
8 VALUE STD ERROR TYPE I I  SS F PROB>F' 
INTERCEPT 1 5 . 887256 1 3  
ASPH -8 . 87282379 8 . 1 5885 1 2 1 9 1 . 251 85956 33 . 77 8 . 8881  
BOUNDS ON COHO I T  I ON NlWER : 1 • 1 .  
THE ABOVE WOOEL I S  THE BEST 1 VAR I ABLE t.a>El FOlN> . 
STEP 2 VAR I ABLE T I WE ENTERED ·R SQUARE • 8 .  64 728� 1 C{P)  • 49 . 87799896 
OF S� OF sQUARES UEAN SQUARE F PROB>F' 
REGRESS ION 2- 1 68 . 499 1 8533 88 . 24955267 52 . 38 8 . 8881 
ERROR 57 87 . 458983 1 4  1 . 53436672 
TOTAL 59 247 . 95888848 
8 VALUE STD ERROR TYPE I I  · ss F' PROB>F' 
INTERCEPT 1 5 . 887256 1 3  
ASPH -8 . 87282379 e .  1 1 387692 9 1 . 251 85956 59 . 47 8 . 8881 
TIWE -2 . 1 486 1 267 " . ·e . 3 1 982982 69 . 24884577 45 . 1 3 8 . 8881 
BOUNDS ON. COND I T  I ON . Nl.t.eER : 1 . 4 
THE ABOVE MODEL I S  THE BEST 2 VAR I ABLE WOOEL. FOUND . .  
� N � 
\ 
STEP 3 VARIABLE FINE2 ENTERED R SQUARE • 8 . 73371 298 C(P)  • 25 . 8 1 979 1 51 
OF S� OF SQUARES .. EAN SQUARE F PROB>F 
REGRESS ION 3 1 8 1  . 93888827 68 . 64333689 5 1 . 43 8 . 8881 
ERROR 56 66 . 8288882 1 1 . 1 7987 1 43 
TOTAL 59 247 . 95888848 
B VALUE STO ER� TYPE I I  SS F PROB>F 
I.NTERCEPT . 1 5 . 85245636 
FI NE2 -e . 1 418667 1 8 . 83384 1 38 2 1 . 43898294 1 8 . 1 8  8 . 888 1  
. ASPH -1 . 87282379 8 . 899 1 24 1 4  9 1 . 25 1 85956 77 . 39 8 . 888 1  
T I WE -2 . 1 4861 267 8 . 28836541 68 . 24884577 58 . 73 8 . 8881 
BOUt«>S ON CONO I T  I ON tU.eER : 1 .  9 
. 
THE ABoVE WOOEL I S  THE BEST 3 VARI ABLE t.a>EL FOUND . 
STEPWI SE REGRESS ION ANALYS I S  
: .MAX IMLW R-SQUARE lt.tPROVEWENT FOR DEPENDENT VARIABLE WTV 
STEP 4 VAR IABLE F IAS ENTERED . R SQUARE • 8 .  75894689 C(P)  • 28 . 44542678 
DF Sl.W OF SQUARES .. EAN SQUARE F PROB>F 
REGRESS ION 4 1 88 . 1 8695848 47 . 84673962 43 . 29 8 . 8681 
ERROR 55 59 . 77 1 84999 . 1 . 88674636 
TOTAL 59 247 . 95888848 
B VALUE · STD ERROR TYPE I I  SS F PROB>F 
I NTERCEPT 1 5 . 85245636 
F' I NE2 -e . 1 488667 1 : · 8 . 83 1 72 1 39 2 1  . 43898294 1 9 . 72 8 . 888 1 
ASPH · -8 . 87282379 0 . 095 1 64 1 7  9 1 . 25 1 05956 83 . 97 8 . 8881 
n .. E -2 . 1 486 1 267 8 . 269 1 6493 69 . 24884577 '63 . 72 8 . 8681 
fiAS 8 . 89322 1 29 0 . 8388586.1 6 . 2569582 1 5 . 76 8 . 8 1 98 
BOUNDS ON CONO I T  I ON NlA.4BER : 1 . . 1 6  
THE ABOVE t.a>EL I S  THE BEST 4 VAR I ABLE �EL FOUND . � 
N 
<.T1 
STEP 5 VARIABLE ASPH2 ENTER ED  R SQUARE • 8 . 78368 1 58 
OF StA.t OF SQUARES 
REGRESS I ON  5 1 94 . 3281 24 1 7  
ERROR 54 53 . 63788431 
TOTAL 59 247 . 95888848 
B VALUE STO ERROR 
INTERCEPT 1 6 . 234592 1 4  
FINE2 -e .  1 488667 1 8 . 83832683 
ASPH -8 . 87;282379 8 . 89898858 
ASPH2 -8 . 1 9 1 86788 8 . 87689256 
T I WE -2 . 1 486 1 267 8 . 25733 1 7 1  
FlAS - 8 . 89322 1 28 8 . 837 1 4263 
c 
BOUNDS ON COlt> I T  I ON Nl.Y:IER : 1 . 
THE ABOVE WODEL I S  THE BEST 5 VAR I ABLE WOOEL FOUND . 
WEAN SQUARE 
38 . 86482483 
8 . 993294 1 5  
TYPE 1 1  SS 
2 1 . 43898294 
8 1 . 25 1 85956 
6 . 1 33 1 6568 
69 . 24884577 
6 . 2569582 1 
25 
C(P) • 1 5 . 2 1 685282 
F PROB>F 
38 . 1 3 8 . 888 1  
F PROB>F 
2 1 . 58 8 . 888 1 
8 1 . 87 8 . 888 1 
6 . 1 7  8 . 81 61 
69 . 72 8 . 888 1 
6 . 38 8 . 81 51 
STEPWI SE REGRESS I ON  ANALYS I S  
wAX I Wll.t R-SQUARE I.,ROVEWENT FOR OEPEK>ENT VARI ABLE WTV 
STEP 6 VAR I ABLE F I_NE ENTERED · .: R SQUARE • 8 .  88662487 C(P)  • 1 8 . 5 1 223469 
OF Sllot OF SQUARES WEAN SQUARE F PROB>F 
REGRESS I ON  6 288 . 888897 1 9  33 . 3348 1 628 36 . 85 8 . 888 1  
ERROR 53 47 . 949 1 1 1 2� 8 . 9847882 1 
TOTAL 58 247 . 95888848 
B VALUE - STO ERROR TYPE I I  SS F PROB>F 
I NTERCEPT 1 6 . 2 34592 1 4  I 
f i NE -e . 1 2578659 8 . 858 1 3839 5 . 68877382 6 . 29 8 . 8 1 53 
fi NE2 -e .  1 488667 1 8 . 82894288 2 1 . 43898294 23 . 69 8 . 888 1 
ASPH -8 . 87282379 8 .  88682839 .- 9 1 . 25 1 85956 1 88 . 86 8 . 888 1 
ASPH2 -8 . 1 9 1 86789 0 .  87338338. 6 . 1 33 1 6568 6 . 78 8 . 8 1 1 9  
·T i t.tE -2 . 1 486 1 267 0 .  2455&776 · 69 . 24804577 76 . 54 8 . 888 1 
f i AS 8 . 89322 1 29 8 . 83544754 6 . 2569582 1 6 . 92 8 . 8 1 1 2  
BOUND S  ON COND I T  I ON NLU3ER : 1 ,  36 
- ---- ----------




STEP 7 VAlUABLE F I T I  ENTERED R SQUARE • 8 . 8 1 748249 
OF Sl.l.t OF SQUARES 
REGRESS I ON  · 7 282 . 68 1 49458 
ERROR 52 45 . 2765 1 398 
TOTAL 59 247 . 95888848 
B VALUE STD ERROR 
I NTERCEPT 1 6 . 234592 1 4  
F I NE -e .  1 2578659 8 . 8491 7944 
. F I NE2 -8 . 1 4886671 8 . 82839376 
ASPH -8 . 87282379 8 . 885 1 8 1 29 
.ASPH2 -8 . 1 9 1 86789 8 . 87 1 99 1 33 
T I WE -2 . 1 486 1267 8 . 24892986 
r i AS 8 . 893221 29 8 . 834775 1 1  
F I T  I -e . 1 7232398 8 . 89835888 
BOlH>S ON CCN> I T I ON  Nl.YtER : 1 • 
THE ABOVE WODEL I S  THE BEST 7 VAR I AB LE WODEL FOUND . 
WEAN SQUARE 
28 . 95449923 
8 . 878782 1 9  
TYPE I I  SS 
5 . 68877382 
2 1 . 43898294 
9 1 . 251 85956 
6 . 1 331 6568 
69 . 24884577 
6 . 2569582 1 
2 . 67259739 
49 
C(P) • 9 . 362344 1 7  
F PROB>F 
33 . 25 8 . 8881 
f PROB>f 
6 . 53 8 . 8 1 35 
24 . 6 1 8 . 8881 
1 84 . 88 8 . 8881 
7 . 84 8 . 8 185 
79 . 53 8 . 8881 
7 . 1 9  8 . 8898 
3 . 87 8 . 8857 
STEPWI SE REGRES� I ON  ANALYS I S  
WAX!.....,. R-SQUARE I t.PROVEWENT FOR DEPEM>OO VAR I AB LE WTV 
STEP 8 VAR IABLE AST I ENTERED R SQUARE • 8 . 82548686 
OF Sl.l.t OF sQuARES 
REGRESS I ON  8 284 . 68588887 
ERROR . 51 43 . 2721 2848 
TOTAL 59 247 . 9588884:8 
B VALUE STD ERROR 
I NTERCEPT 1 6 .  2345921 4 
F I NE -8 . 1.2578659 8 . 84854768 
F I NE2 -e .  1 488667 1 8 . 82882897 
ASPH -8 . 87282379 .8 . 8848869 1 
ASPH2 -e .  1 9 1 86789 . 8 . 87 1 8664 1 
T I WE -2 . 1 486 1 267 • 8 . 2378337 1 
f l AS 8 . 89322 1 29 8 . 83432834 
. F I T I  . -8 . 1 7232398 8 .  8970.952 1 
AST I -8 . 25848 1 82 8 . 1 68 1 7383 
BOUNOS ON COND I T  I ON Nl.WBER : 1 ,  
THE ABOVE WODEL I S  THE BEST 8 VAR I ABLE WOOEL FOUND . 
WEAN SQUARE 
25� 58573581 
8 . 8484731 1 
TYPE I I  SS 
5 . 68877382 
21 . 43898Z94 
9 1 . 251 85956 
6 . 1 33 1 6568 
69 . 24884577 
6 . 2569582 1 
2 . 67259739 
2 .  8843.8558 
64 
C(P )  • 9 . 888 ... 
F PROB>F 
38 . 1 6 8 . 8881 
f PROB>f 
6 . 78 8 . 8 1 25 
25 . 26 8 . 8881 
1 87 . 55 8 . 8881 
7 . 23 8 . &897 
81 . 6 1  8 . 8881 
7 . 37 8 . 8898 
3 . 1 5  8 . 88 1 9  




STEPWI SE REGRESS I ON  ANALYS I S  
W.X I.uA R-SQUARE lt-PROVEWENT fOR OEPDI>ENT VAR IABLE ..C 
· STEP 1 VARI ABLE T lt"E ENTERED R SQUARE • 8 . 3338288 1 C(P)  • 33 . 78546233' 
Of Sll.i Of SQUARES WEAN SQUARE f PROB>f 
REGRESS ION 1 8 . 34838379 8 . 34138379 29 . 86 8 . 888 1 
ERROR 58 8 . 679 1 1 673 8 . 8 1 1 7889 1 
TOTAL 59 1 . 8 1 942852 
B VALUE STD ERROR TYPE I I  SS f PROB>f 
INTERCEPT 8 . 43286662 
TIWE -8 . 1 5862 1 78 8 . 827939 1 1  - 8 .  34138379 29 . 86 8 . 888 1 
BOUNDS ON CCN> I T  I ON NU.EER : 1 ; 
THE ABOVE WOOEL I S  THE BEST · 1 VAR IABLE MODEL fOUND . 
STEP 2 VAR IABLE ASPH ENTERED R SQU�E • 8 . 47348529 · C (P) • 1 6 . 96 1 93857 
Of Sll.i Of SQUARES WEAN SQUARE f PROB>f 
REGRESS ION 2 8 . 48268862 8 . 24 1 348 3 1  25 . 63 8 . 888 1 
ERROR 57 8 . 53673998 8 . 8894 1 649 
TOTAL 59 1 . 8 1 942�52 
B VALUE STD ERROR TYPE I I  SS f PROB>f 
INTERCEPT 8 . 43286662 
ASPH 8 . 83444523 8 . 88885837 8 . 1 4237683 1 5 . 1 2  8 . 8883 
TIWE -8 . 1 5862 1 78 8 . 82585526 8 . 34138379 36 . 1 4 . 8 . 8,88 1 
BOUNDS ON COHO I T  I ON Nli.EER : 1 ' 4 
THE ABOVE WOOEL I S  THE BEST 2 VAR I ABLE WODEL fOUND . 
':1 .  
....... 
N (X) 
STEP 3 VAR I ABLE r i T I  ENTERED R SQUARE • 8 .  55427881 
or ru. or SQUARES 
REGRESS I ON  3 8 . 56584238 
' ERROR 56 8 . 454378 1 4  
TOTAL 58 1 . 8 1 942852 
B VALUE STO ERROR 
I NTERCEPT 8 . 43286662 
ASPH 8 . 8344-4523 8 . 88822288 
. T IWE . -t . 1 5862 1 78 8 . 82325782 
F I T  I 8 . 83825 1 1 3  8 . 88849487 
BOlN>S ON CXN> I T  I ON Nt.l.tiER : 1 • 
THE ABOVE WOOEL I S  THE BE$T 3 VAR I AB LE UOOEL FOUND . 
WEAN SQUARE 
8 . 1 8834746 
8 . 888 1 1 398 
TYPE 1 1  SS 
8 . 1 4237683 
8 . 34838378 
8 . 88236 1 76 
8 
C(P)  • 8 . 8729586 1 
r PROB>r 
23 . 2 1 8 . 8881 
F PROB>F 
1 7 . 55 8 . 8881  
41 . 84 8 . 8881 
1 8 . 1 5  8 . 8824 
STEPWISE REGRESS ION ANALYS I S  
MAX I� R-SQUARE IIIFROVEMENT FOR DEPEN>ENT VAR I AB LE t.C 
STEP 4 VAR I ABLE F INE ENTERED R SQUARE • 8 . 5823971 6 C (P)  • 6 . 283 1 5 1 34 
Of. S� OF SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 4 8 . 59378762 8 . 1 4842698 1 8 . 1 8  8 . 888 1 
ERROR 55 8 . 4257 1 298 8 . 88774823 
TOTAL 58 1 . 8 1 942852 
B VALUE STO ERROR TYPE I 1 SS F PR08>F 
I NT ERCEPT 8 � 43286662 
F I NE -t . 80892332 · 0 . 00463688 8 . 02866524 3 . 78 8 . 0595 
ASPH 8 . 83444523 8 . 00883 1 3 1  8 . 1 4237683 1 8 . 39' 8 . 0881 
T IWE -t . 1 5062 1 78 8 . 8227 1 598 8 . 34838378 43 . 97 8 . 8881 
F I T  I 8 . 838251 1 3  8 . 009�7376 8 . 88236 1 76 1 8 . 64 8 . 88 1 9  
BOUNDS ON CCN> I T  I ON Nt.M3ER : 1 . 1 6  




STEP S VAR I ABLE F I AS ENTERED R SQUARE • 8 . 58853 1 28 
OF Sll.t OF SQUARES 
REGRESSI ON  5 8 . 6 1 8 1 5587 
ERROR 54 8 . 48926545 
TOTAL 59 1 . 8 1 942852 
B VALUE STD ERROR 
.. I NTERCEPT 8 . 43286662 
.F I NE -e . 88892l32 8 . 88458833 
ASPH 8 . 834-44523 8 . 88784722 
T IWE -e .  1 5862 1 78 8 . 822478 1 2  
F I AS 8 . 8847785 1 8 . 88324444 
f i T  I 8 . 83825 1 1 3  8 . 889 1 7666 
BOlH>S ON CCH> I T  I ON NLU3ER :  1 • 
THE ABOVE WODEL I S  THE BEST 5 VAR I ABLE WODEL FOUND . 
WEAN SQUARE 
e. 1 2283 1 8 1 
8 . 88757898 
TYPE I I  SS 
8 . 82866524 
8 . 1 4237683 
8 . 34838378 
8 . 8 1 644745 
8 . 88236 1 76 
25 
C(P) • 6 . 1 8864722 
F PROB>F 
1 6 . 1 8  8 . 888 1 
F PR08>f 
3 . 78 8 . 8578 
1 8 . 79 8 . 8881 
44 . 98 8 . 888 1 
2 . 1 7 8 . 1 465 
1 8 . 87 8 . 88 1 7 
STEPWI SE REGRESS I ON  ANALYS I S  
· MAX I .._.. R-SQUARE I t.PROVEWENT F OR  DEPD«>ENT VARI AB LE I.e 
STEP 6 VAR I ABLE ASPH2 ENTERED R SQUARE • 8 . 6 1 1 24782 C ( P )  • 6 . 38473843 
OF SLW Of SQUARES t.CEAN SQUARE F PROB>F 
REGRESS I ON  6 8 . 623 1 1 868 8 .  1 8385 3 1 1 1 3 . 88 8 . 888 1 
ERROR 53 8 . 39638 1 8!4 8 . 88747738 
TOTAL 59 1 . 8 1 942852 
B VALUE STO ERROR TYPE I I SS F PR08>F 
I NT ERCEPT 8 . 4 1 529797 . 
F I NE -0 . 88892332 8 . 664 55747 8 . 82866524 3 . 83 8 . 85.55 
ASPH 8 . 83444523 8 . 88789377 8 . 1 4237683 1 9 . 84 8 . 888 1 
ASPH� 8 . 86878432 8 . 66667 1 45 8 . 8 1 29636 1 1 .  73 8 . 1 936 . 
T I WE -0 . 1 5662 1 78 0 .  82232695 . · 8 . 34838379 45 . 5 1 8 . 888 1 
F I AS 8 . 8647795 1  0 . 88322262 . 8 . 8 1 644745 2 . 28 e .  1 448 
F I T J  8 . 83825 1 1 3  6 . 689 1 1 494 8 . 88236 1 7 6 1 1 . 8 1 8 . 88 1 6 
BOlN>S ON CONO I T I ON Nl.t.SER : 1 • 36 




STEP 7 VAR I ABLE AST I ENTERED R SQUARE • 1 . 1 1 7582e5 C(P) • 7 . 54882567 
OF S� OF SQUARES WEAN SQUARE F PROB>f 
REGRESS IC»4 7 8 . 62957673 8 . 88iSI3953 1 2 . 88 8 . 8811 
ERROR 52 8 . 38984378 1 . 18749718 
TOT1-,l 59 1 . 8 1 842852 
B VALUE STO ERROR TYPE I I  SS r PROB>F' 
I NTERCEPT 8 . 4 1 529787 i 
F I NE -8 . 88892332 1 . 884563 .... 8 . 12866524 3 . 82 8 . 8558 
ASPH 8·. 13444523 1 . 887814 1 1 1 . 1 4237683 1 8 . 88 8 . 881 1  
ASPH2 8 . 88878432 1 . 886681 1 8  1 . 1 1 28636 1 1 .  73 8 . 1 843 
TIWE -t . 1 5862 1 78 1 . 82235621 1 . 34838378 45 . 38 1 . 188 1 
F I AS  8 . 88477851 1 . 88322684 8 . 1 1 6  .... 745 2 . 1 8 1 . 1 .... 6 
FIT I 1 . 13125 1 1 3  1 . 889 1 2688 1 . 88236 1 76 1 1 . 88 1 . 881 7  
ASTI -8 . 1 1 467213 1 . 1 1 588 22 1 . 18645885 1 . 88 8 . 3578 
IOUN)S C»4 COtl> IT I ON NlMBER : 1 .  48 
THE ABOVE WOOEL IS THE BEST 7 V AR I AS LE IID>EL FOUt«> . 
STEPW I SE REGRESS I ON · ANALYS I S  
: WAX I ..U.C R-SQUARE I �OVEWENT F OR  OEPD«>ENT VARI AB LE 11C 
STEP 8 VAR I AB LE f i NE2 ENTERED R SQUARE • 8 . 62 1 5, 644 C(P)  • 8 . 1e1eeaee 
Of' S� Of' SQUARES WEAN SQUARE f PROB>f 
REGRESS IC»4 8 8 . 633668 1 7  1 . 17928852 1 1 . 47 1 . 118 1  
ERROR 5 1  1 . 38575235 · 8 . 18756377 
TOTAL 58 1 . 8 1 942152 
B VALUE STO . ERROR TYPE 1 .. SS r PROB>f 
I NTERCEPT 1 . 4836 1 i73 
F I NE -e . 888i2332 1 . 88458372 1 . 12866524 3 . 78 8 . 15 7 1  
F I NE2 1 . 88 1 94637 8 . 8826464 1 e . ee..es u .... 8 . 54 8 . 4654 
ASPH 8 . 83444523 8 . 88793923 8 . 1 4237683 1 8 . 82 8 . 888 1 
ASPH2 1 . 88ll784J2 8 . 88678988 1 . 1 1 28636 1 1 .  7 1 .  1 . 1 863 
T I WE -e . 1 5862 1 78 8 . 82245554 1 . 34831378 .... . 88 1 . 888 1 
F I AS  8 . 88477951 8 . 81324 1 -1 8  8 . 8 1 6  .... 745 2 . 1 7 1 . 1 465 
F I T  I 8 . 838251 1 3  8 . 889 1 67 .... 8 . 88236 1 76 1 1 . 88 8 . 88 1 8  
AST I -e .  8 1 46728.3 8 .  81 587847 · 8 . 88645885 8 . 85 1 . 3588 
BOUhOS C»4 COND I T  I ON Nl.l.tiER : 1 ,  64 ....... 
w ....... 
THE ABOVE IID>El I S  THE BEST 8 VAR I ABLE lo()()El FOUND . 
ST�I SE REGRESS I ON  ANALYSI S  
..WC U.t.l.i  R-SQUARE I �ROVEWENT FOR DEPENDENT VAR I ABLE FLOW 
STEP 1 VARIABLE ASPH ENTERED R SQUARE • 8 . 3 1 5238 1 7  
OF SlAt OF SQUARES WEAN SQUARE 
REGRESSION 1 26 1 . 87586660 2 6 1 . 87588888 
ERROR 58 567 . 1 8833333 9 . 77772888 
TOTAL 59 · . .  828 . 1 8333333 
B VALUE STD ERROR TYPE I I  SS 
I NTERCEPT . 2 1 . 6 1 666667 
ASPH 1 . 47588888 8 . 2854-489 1 26 1 . 87588860 
BOlH>S ON CCH>I T l  ON NlleER : . 1 
·
' 
THE ABOVE llllDEL I S  THE BESr 1 V AA I AS LE a-«X>EL · .FOUND . 
STEP 2 0 VARI ABLE FI NE2 ENTERED R SQUARE • 8 . �372228 ° 
OF - SlAt OF SQUARES 
REGRESS ION 2 367 . 48333333 
ERROR 57 4-68 . 78888888 
TOTAL 59 828 . 1 8333333 ° . 
B VALUE STD ERROR 
I NT ERCEPT 23 . 58888880 
F I NE2 -8 . 3 1 388889 8 . 88658878 
ASPH 1 . 47588608 8 . 259526 1 1  
BOUNDS ON CONO I T l  ON NU.fBER : 1 • 
THE ABOVE WOOEL I S  THE BEST 2 VARIABLE WOOEL FOUND . 
0 WEAN SQUARE 
1 83 . 74 1 66667 
8 . 882456 1 4 
TYPE I I  SS 
1 86 . 48833333 
2 6 1  . 87588860 
4 
C(P)  • 26 . 67823 1 64 
F PROB>F 
26 . 78 8 . 888 1 
F PROB>F 
26 . 78 8 . 888 1 
C(P)  • 1 3 . 1 58554 1 6  
F PROB>F 
22 . 73 8 . 888 1 
F PROB>F 
1 3 . 1 7  8 . 8886 




STEP 3 VAR IABLE T I WE ENTERED R SQUARE � 8 . 53953432 C(P)  • 3 . 59 1 38598 
OF Sll.t OF SQUARES WEAN SQUARE F PROB>F 
· REGRESS I ON 3 446 . 83333333 1 48 .  94444444 2 1 . 87 8 . 8881 
·ERROR 56 38 1 . 35888888 6 . 88982 1 43 
TOTAL 59 828 . 1 8333333 
8 VALUE STD ERROR TYPE I I  SS F PROB>F 
INTERCEPT 23 . 58888888 
f' I NE2 -8 . 3 1 388889 8 . 87948649 1 86 . 48833333 1 5 . 63 8 . 8882 
· ASPH 1 . 47588888 8 . 2382 1 946 26 1 . 87588888 38 . 34 8 . 888 1  
T I W£ -2 . 38888888 8 . 67378639 79 . 35888888 1 1 . 65 8 . 88 1 2  
BOlH)S ON COt«> I T  I ON . NlleER :  :· 1 .
. 8 
THE ABOVE WODEL I S  THE BEST 3 VARIABLE t.a>EL FOI..N> . 
STEPWI SE REGRESS ION · ANALYS I S  
t.AAX U.U.C R-SQUARE l t.PROVa.fENT FOR DEPENDENT VAR IABLE FLOW 
STEP 4 VAR I ABLE F I T  I ENTER ED  R SQUARE • 0 . 56492 1 2 1  C {P) • 2 . 52638599 
. pF Sll.t OF SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 4 467 . 858JJJJJ 1 1 6 . 96458333 1 7 . 85 8 . 8881 
ERROR 55 360 . 32588888 6 . 55 1 36364 
TOTAL 59 828 . 1 8333333 
8 VALUE . sro ERROR TYPE I I  SS F PROB>f 
INTERCEPT 23 . 50888888 
F I NE2 · -8 . 3 1 388889 8 . 87788583 1 86 . 48833333 1 6 . 24 8 . 8882 
ASPH 1 . 4 7588008' 0 .  23365588. · 26 1 . 87588888 39- . 85 8 . 888 1 
T I ME · -2 . 38888888 8 . 66887637 79 . 35888888 1 2 .  1 1  . 8 . 88 1 8  
F I T  I 0 . 48333333 8 . 26988 1 65 2 1  . 82588888 3 . 2 1 8 . 8787 
BOUNOS ON CONO I T  I ON Nli.EER : 1 ,  1 6 
....... 
THE ABOVE WOOEL I S  THE BEST 4 VAR I ABLE WOOEL FOUND . w w 
STEP 5 VAR I ABLE F I AS ENTERED R SQUARE •· 8 . 57298556 C(P) • 3 . 562 ... 864 
Of Sll.t Of SQUARES WEAN SQUARE f PROB>f 
REGRESSION 5 474 . 47883333 94 . 8941 6667 1 4 . 49 8 . eee 1  
ERROR 54 353 . 7 1 258888 6 . 558231 48 
TOTAl,. . 59 828 . 1 8333333 
B VALUE STO ERROR TYPE I I  SS f PROB>f 
"INTERCEPT 23 . 58888888 
F I NE2 � . 3 1 388889 8 . 87787838 1 86 . 48833333 1 6 . 24 8 . 8882 
ASPH 1 . 475e&888 8 . 23363489 261 . 17588888 39 . 86 8 . eee 1  
T I WE -2 . 38888888 8 . 66881 926 79 . 35888888 1 2 . 1 1  8 . 88 1 8  
f l AS 8 . 89583333 8 . 895381 84 6 . 6 1 258888 1 . 8 1  8 . 3 1 95 
F I T I  8 . 48333333 8 . 26977833 2 1 . 125eee88 3 . 2 1 8 . 8788 
BOlN)S ON CCH> IT I ON tUeER : 1 • 25 
THE ABOVE WOOEL IS THE BEST 5 VAR I ABLE WOOEL FOUND . 
STEPW I SE
-
REGRESS I ON  ANALYS I S  
li&AX. I t.UA  R-SQUARE I�VEWENT FOR OEPEN)ENT VARI ABLE F'LCM 
STEP 6 VAR IABLE ASPH2 ENTERED . R SQUARE • 8 . 576875 1 4  C(P)  • 5 . 1 7978928 
Of SLJ.t Of SQUARES WEAN SQUARE f PROB>f 
REGRESS ION 6 477 . 89583333 79 . 5 1 597222 1 2 . 88 8 . 8881 
ERROR 53 35 1 . 88758888 6 . 62429245 
TOTAL 59 828 . 1 8333333 
B VALUE · STO ERROR TYPE I I SS f PROB>f 
I NTERCEPT 23 . 75888888 
F I NE2 � . 3 1 388889 
. . 
8 . 8783 1 733 1 86 . 48833333 1 6 . 86 8 . 8882 
ASPH 1 . 47588868 8 . 234951 99 26 1 . 87588888 39 . 4 1 8 . 868 1 
ASPH2 � . 1 2588888 8 . 1 9857867 2 . 62588888 8 . 48 8 . 53 1 7 
T U.tE -2 . 38888888 8 . 66454458 79 . 35888888 1 1 . 98 8 . 88 1 1 
F J AS 8 . 89583333 8 . 8959 1 875 6 . 6 1 258888 1 . 88 8 . :5223 
F I T I  8 . 48333333 8 . 27 1 299 1 9  2 1  . 82588888 3 . 1 7 8 . 8886 
BOUNDS ON COND I T I ON  Nl.WER : 1 . .  36 
1-l 
THE ABOVE MODEL I S  THE BEST 6 VAR I ABLE t.«X>El FOUND . w 
.,J:::. 
STEP 7 VAlUABLE ASTI ENTERm R SQUARE • 8 . 5772i267 C(P) • 7 . 83278838 
or Sl.t.t Of SQUARES WEAN SQUARE f PR08>f 
·REGRESSION 7 478 . 1 84 1 6667 61 . 38858524 1 8 . 1 5 8 . 8881 
ERROR 52 358 . 878 1 6667 6 . 73228 1 67 
TOTAL 58 828 . 1 8333333 
8 VALUE . STD ERROR TYPE I I SS f PROB>f 
INTERCEPT 23 . 75886888 
F'INE2 -8 . 3 1 38888i 8 . 878953 1 7  1 81 . 48833333 1 5 . 8 1  8 . 8882 
ASPH 1 . 475888et 8 . 23685952 261 . 87588888 38 . 78 8 . 888 1 
ASPH2 -e .  1 2588888 8 . 2&&1 8283 2 . 62588888 t . Ji 8 . 535 1 
TIWE -2 : 38888888 8 . 66983888 78 . 35888888 1 1 . 79 8 . 88 1 2  
FIAS . 8 . 89583333 8 . 88669748 1 . 6 1 258888 1 . 88 8 . 3212 
r J T I  . 8 . 48llll33 8 . 27358 1 1 1  2 1 . 12588688 3 . 1 2 8 . 8831 
ASTJ & . 1 8333333 8 . 4737 1 983 1 . 88833333 1 . 1 5  1 . 7183 
BClH>S ON CON) IT I ON Nl.I.EER : . 1 ,  48 
THE ABOVE WOOEL IS THE BEST 7 VARIABLE t.a>EL fOlN) . 
TUCKER-HASER ASPtW. T STUDY 
WAX ULW R-SQUARE II.PROVEli&bfl FOR DEPEhOENT VARI ABLE fi.Clr 
STEP I VARI ABLE F'IHE ENTERED R SQUARE • 8 .  5n56435 C(P) • 8 . 88888881 
or . .  Sliot or SQUARES WEAN SQUARE f PROB>F 
REGRESSION 8 478 . 329 1 6667 59 . .  7 9 1 1 4583 8 . 72 8 . eet 1 
ERROR 5 1  349 . 854 1 6667 6 . 85888562 
TOTAL 59 828 . 1 8333333 
8 VALUE STD ERROR TYPE I I  SS f PROB>F' 
INTERCEPT 23 . 75888888 
FINE 8 . 825&8888 e .  qe84871 8 . . 225888 8 8 . 83 8 . 8578 
F'JN£2 -8 . 3 1 388889 8 . 87969784 1 86 . 48833333 1 5 . 5 1 8 . 8883 
ASPH 1 . 47586888 8 . 23989352 26 1.. 87586888 38 . 86 8 . 8et 1 
ASPH2 -e . 1 2.588888 8 . 2828789 1 . 2 . 62588688 8 . 38  8 . 5389 
TJWE -2 . 38888888 e .  6762586 1 . 79 . 35888868 1 1  : s7 8 . 88 1 3  
FIAS 8 . 89583333 8 . 89768852 6 . 6 1 258888 8 . 96 8 . 3388 
F I T  I 8 . 48333333 8 . 27688 1 4 2 21 . 82588888 3 . 86 8 . 8868 
AST I 8 .  ,·8333333 8. 478 1. 8785 1 . 88833333 8 . 1 5  8 . 7838 
BOlN>S ON CC»() IT I ON NllotiER : 1 ,  64 




STEPWI SE REGRESS I ON  ANALYS I S  
W.X It.U.4 R-SQUARE I�ROV�ENT FOR DEPENDENT VARI AB LE STAB 
STEP 1 VAR IABLE ASPH ENTERED R SQUARE • 8 . 32528 1 85 C (P) • 465 . 2238921 7  
OF S� OF SQUARES WEAN SQUARE F PROB>F 
REGRESSION 1 5888 1 73 . 43598883 58881 73 . 43598883 27 . 96 8 . 888 1 
ERROR 58 1 8388238 . 89463288 1 79 1 87 . 567 1 4884 
TOTAL 59 1 53964 1 2 . 33853378 
8 VALUE STO ERROR TYPE I I  SS F PROB>F 
I NTERCEPT · . 1 627 . 26666667 
ASPH -284 . 2989 1 667 38 . 63378367 58881 73 . 43598883 27 . 96 8 . 8881  
BOUNDS ON CONO I T  I ON NUWBER : 1 . 
---
THE ABOVE WOOEL I S  THE BEST 1 VARIABLE' t.ri>EL FOUND . 
STEP 2 VAR IABLE T IWE ENTERED R ' SQUARE . 8 . 63892885 C (P) • 224 . 93646582 
OF S� OF SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 2 9837876 . 53884884 49 1 8538 . 26542842 58 . 43 8 . 8881 
ERROR 57 5559335 . 7996928 1 91532 . 2878 1 2 1 5  
TOTAL 59 1 53964 1 2 . 33853378 
B VALUE STO . ERROR TYPE I I  SS F PROB>F 
INTERCEPT 1 627 . 26666667 
ASPH -284 . 2989 1 667 ,· 28 . 589893 1 4  5808 1 73 . 43598883 5 1 . 35 8 . 8881 
T I WE 567 . 38688008 ' " 80 . 63589234 . 4828983 . 89494882 49 . 5 1  8 . 8881  
BOUNDS ON CONDI T I ON  NUWBER : 1 • 4 




STEP 3 VAR IABLE F INE ENTERED R SQUARE • 8 . 8 1 339927 C(P) • 9 2 . 1 58 1 9983 
OF StM OF SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 3 1 2523438 . 6 1 384338 4 1 74476 . 87 1 28 1 1 1  8 1 . 37 8 . 8881 
ERROR 56 287298 1 . 7 1 669831 5 1 383 . 24-t94898 
TOTAL 59 1 53964 1 2 . 33853378 
8 VALUE STO ERRM TYPE I I  SS F PROB>F 
I NTERCEPT 1 627 . 26666667 
FINE 86 . 3834 1 667 1 1 . 9377 1 392 2686354 . 88388258 52 . 36 8 . 888 1  
ASPH -284 . 2989 1 667 28 . 67672784 5888 1 73 . 43598883 97 . 62 8 . 8881 
T IWE 567 . 38688888 58 . 482 6 1 562 4828983 . 89494882 94 . 1 2 8 . 8881 
BOlN>S ON CXH> I T  I ON tu.eER : 1 • 9 
THE ABOVE YODEL I S  THE BEST 3 VARIABLE �EL FOlN> . 
STEPWI SE, REGRESS ION ANALYS I S  
W.X I ..U.  R-SQUARE II.PROVD.iENT FOR OEPDt>ENT VAR IABLE STAB 
STEP 4 VAR IABLE FIAS ENTERED R SQUARE • 8 . 85527483 C(P)  • 6 1 . 88 1 69775 
OF Sli.t OF SQUARES . WEAN SQUARE F PR08>F 
REGRESS ION 4 1 3 1 68 1 5 1 . 57256338 3292837 . 89 3 1 4884 8 1 . 26 8 . 888 1  
ERROR 55 2228268 . 7579783.1 485 1 3 . 83 1 963 1 8  
TOTAL 59 1 53964 1 2 . 33853378 
8 VALUE STO ERROR TYPE I I SS F PROB>F 
I NTERCEPT 1 627 . 26666667 
F I NE 86 . 3834 1 667 1 8 . 6884 1 288 2686354 . 88388258 . 66 . 3 1 8 . 888 1 
ASPH -284 . 2989 1 667 1 8 . 37438996 5888 1 73 . 43598883 1 23 . 62 8 . 888 1 
T I WE 567 . 38688888 51 . 97839668 4828983 . 89494882 1 1 9 . 1 9 8 . 888 1 
F I AS -29 . 92488888 7 . 58 1. 28863 64-t728 . 95872888 1 5 . 9 1 8 . 8882 
. OOlK>S ON CONO I T I  ON Nli.IJER : 1 . 1 6 




STEP 5 VAR I ABLE ASPH2 ENTERED R SQUARE • 8 . 8943 1 358 C(P) • 33 . 64346894 
OF Sll.t OF SQUARES WEAN SQUARE F PROB>F 
REGRESSION 5 1 37692 1 9 . 34829258 '27538<43 . 86965858 9 1 . 39 8 . 8681 
ERROR 54 1 627 1 92 . 98224 1 1 4  381 33 . 28337484 
TOTAL 59 1 53964 1 2 . 33853378 
B VALUE STD ERROR TYPE I I SS F PROB>F 
I NTERCEPT 1 587 . 63758888 
F INE 86 . 3834 1 667 9 . 1 4895389 2686354 . 88388258 89 . 1 5 8 . 8881 
ASPH -28<4 . 2989 1 667 1 5 . 8<4645 1 59 5888 1 73 . 43598883 1 66 . 28 8 . 888 1  
ASPH2 59 . 8 1 458333 1 3 . 39269599 681 867 . 7757291 7  1 9 . 95 8 . 8881 
T IWE 567 . 38688888 .W . 82853352 4828983 . 89494882 1 68 . 25 8 . 868 1  
F J AS  -29 . 92488888 6 . 46928677 6.W728 . 95872888 2 1 . 41  8 . 8881 
BOlN)S ON CONO I T  I ON Nli.IIER : . 1 ' 25 
THE ABOVE WOOEL I S  THE BEST 5 VARIABLE WOOEL FOUtl> . 
STEPWISE REGRESS ION ANALYS I S  
WAX I..._... R-SQUARE ltA«)VEWENT FOR OEPDI>ENT VARIABLE STAB 
STEP 6 VAR IABLE F I T I  ENTERED .· .�. R SQUARE • 8 . 9 1 456.W9 C (P) • 1 9 . 99945497 
OF SLJ.C OF SQUARES WEAN SQUARE F PROB>F 
REGRESS ION 6 . 1 4-88 1 8 1 1 . 95 1 8 1 588 . 2346835 . 32538258 94 . 56 8 . 888 1  
ERROR 53 1 3 1 5488 . 3787 1 86f 248 1 8 . 875878 1 6  
TOTAL 59 1 53964 1 2 . 33853378 
B VALUE STO ERROR TYPE · I I  SS F PROB>F 
I NTERCEPT 1 587 . 63758888 
F I NE 86 . 3834 1 667 . 8 . 38389897 2686354 . 88388258 . 1 88 . 24 8 . 8881 
ASPH -284 . 2989 1 667 1 4 . 38 1 37542 5888 1 73 . 43598883 28 1 . 79 0 . eee1 
. ASPH2 59 . 8 1 458333 
.. . 
1 2  . 1 5448862 68 1 867 . 775729 1 7  24 . 22 0 . eee1 
T I  .. E 567 . 38688888 48 . 67667232 4828983 . 89494882 1 94 . 57 0 . eee1 
F I AS -29 . 92488888 5 . 87 1 1'7 1 93 644728 . 95872888 25 . 98 . 8 . 8881 
F I T  I 58 . 85883333 J 6 .  686 1 8 1 94 3 1 1 792 . 68352258 1 2 . 56 0 . eeea 
BOUNDS ON COND I T I ON  Nl.IABER :  1 . 36 
.......... 
THE ABOVE WOOEL I S  THE BEST 6 V AR I ABLE t.a>EL FOlJt.l> . w 
00 
STEP 7 VARIABLE f1NE2 DITERED R SQUARE • 8 . 82965728 C(P) • 1 8 . 348239�1 
OF SlJ.t OF SQUARES WEAN SQUARE F PROS>F 
REGRESSION 7 1 43 1 3385 . 6349 1 598 28�768 . 3764 1 655 98 . 1 8 8 . 888 1 
ERROR 52 1 883826 . 6856 1 779 28827 . 436454 1 8  
TOTAL 58 1 53864 1 2 . 33853378 
8 VALUE STD ERROR TYP.E I I  SS F PR08>F 
INTERCEPT 1 4 1 8 . 62733333 
· fiNE 86 . 3834 1 667 7 . 686 1 8 1 85 2686354 . 88Je8258 1 28 . 98 8 . 888 1 
fiNE2 1 4 . 66836 1 1 1  4 . 39 1 43868 232373 . 683 1 8885 1 1 . 1 6 8 . 88 1 6  
ASPH -284 . 2888 1 667 1 3 . 1 7429283 5888 1 73 . 43598883 248 . 46 8 . 888 1 
ASPH2 58 . 8 1 4.58333 1 1  . 1 3438896 68 1 867 . 775728 1 7  28 . 86 8 . 888 1 
TIWE 567 . 38688888 37 . 26252492 4828983 . 89494882 23 1 . 85 1 . 888 1  
. f i AS -28 . 92488888 5 . 37838228 64-4721 . 95872888 31 . 96 1 . 888 1 
FJTI  58 . 85883333 1 5 . 2 1 2362 1 8  31 1 782 . 11352258 1 4 . 17 1 . 8883 
BOlH)S ON CON) I T  I ON Nt.loeER : 1 ,  49 
THE AlDIE t.«lDEL IS THE BEST 7 VARIABLE t.«lDEL F� . 
STEPWISE REGRESSlON ANAlYSI S  
WA): U  ... Iol R-SQUARE JIIPROVEWENT FOR DEPD«>EHT VARIABLE STAB 
STEP 8 VARIABLE ASTI ENTERED . � SOUARE • I .  93398 1 1 8  C(P) • 8 . 88888881 
Df silol Of SQUARES WEAN SQUARE F PROS>f' 
REGRESSI ON  8 1 4 379958 . 1 8945678 1 797494 . 77368289 91 . 1 9 8 . 888 1  ERROR 5 1  1 8 t 6454 . 1 4 1 876i5 1 8938 . 473354<45 , 
TOTAL 59 1 53964 1 2 ; 33853378 
8 VALUE STO ERROR TYPE I I  SS F PROS>f' 
INTERCEPT 1 4 1 9 � 62733333 
FINE 86 . 3834 1 667 7 . 448593 1 2  2686354 . 88388258 1 34 . 79 . 8 . 888 1 
fi NE2 1 4 . 66836 1 1 1 4 . 295828« 232373 . 683 1 8885 1. 1 . 66 8 . 88 1 3  ASPH -284 . 25188 1 667 1 2 . 88748532 5888 1 73 . 43588883 251 . 28 8 . 888 1  
ASPH2 59 . 8 1 456333 . 1 8 . 89 1 9 1 385 68 1 867 . 775729 1 7  38 . 1 6  8 . 888 1 
. T IWE ' 567 . 38688888 36 . 4 5 1 3 1 386 4828983 . 89494882 242 . 29 8 . 881 1 
rJAS -29 . 9 2488888 5 .  261 29385 . 6«728 . 95872888 32 . 35 8 . 8881 
f' I T I  58 . 85883333 1 4 . 88 1 1 8624 .. 3 1 1 792 . 68352258 1 5 . 64 8 . 8882 
ASTI 47 . 1 87 1 6667 25 . 77497865 66572 . 55454883 3 . 34 . 8 . 8735 
BOlH>S ON CCH> IT I ON Nll.tiER : 1 ,  64 
THE ABOVE WODEL IS THE BEST 8 VAR I ABLE MODEL FOUND . ....,a 
w 
'-'> 
